The MAGiC Final Report by Needham, Paul A. S. et al.
 	

 
	
 



 

	

 
p.a.s.needham@ntlworld.com 



c.a.sidwell@leeds.ac.uk 

 


 
 


 
 

 
 !	
"# $% ##################################################################################################### "
   !
"#
  
 $   
 %  #&

#$
 ' ( 
# $
 '  (  )##
## 

#







 $
 '$ ( $)* ""
 
 
 $
 '% ( %)	!
"#+
 $
 '' ( '),
-
$
 . /##
  %
 .  0
* 1 +"

&#
 %
 .$ 0

"
#
  %
 .% 
#
# %
 .' 
#"
##

#
# '
 .. 2
#

'
 .3 4##"
#### '
# &'!!(  ############################################################################### )
$  5 .
$$ /


#&





##
## .
$% 5 #
&


#3
$%  5 #



"
# 3
$%$ 0# "
-6
 7
$%% 8
#7
$' 
# &



# 7
$'  5

-
 #
# 9
$'$ 


#
#  9
$'% 1 


"
#  :
$. ,#
 #

#
  :
$.  
##&
#
#
  :
$.$ 

##    
$.% +
6;     
$.' 
##   $
$3 <#

5

   $
$3  2)"#

#   '
$7      '
*# +!!( ##########################################################################################")
%  #"
  .
%$ 2 

   .
%% 5 
  .
%' 0 

##=
-


   3
%. 

#
   9
%3      9
,#  #############################################################################################
'  ( #1 
>

?  $:
'$ 0
 "


"# $:
'%  #

"# $:
'' @ &#
##

"#  $ 
'. <#


"# $$
'3 &#""

"#  $%
'3  5

# $%
 '3$ <
# $'
'3% 	A 	+0
!
"#

#  $'
'3' 1 >	
 $'
'3. !
#
0
@ 8  $'
'33 21 >2651 >2)2"

  $.
'37 0
<# $.
'7     $.
)#  	$( -% ##########################################################################################.
.  5  $3
.$ * 
  $3
.% !
#####  $3
.' +##  $9
.# %!%/!!( ###########################################*"
3  5  % 
3$ * 
  % 
3% !
#####  % 
3%  !
#"
"
 % 
3%$ ; 
##&




   %$
3%% ; 
##&




"# %7
3%' +  
#
##""






#### %9
3' +##  %9
0# %( ( #####################################################################,"
7  5  ' 
7$ <
# "
-  ' 
7$  !
"#
!+B#"
"&
  '$
7% +
!# ''
7%  /2!#"


### '.
7' !
"# 
"
#  '.
7. 
""
 
 


"#  '3
73 * ""
"#"  'C
73  "## 'C
73$ 
 
"#"
#D
#
#  'C
77 * ""
#  .:
77  5  .:
77$ 
 
"##D
#
#  .:
7C     .$
1# 2/( %##########################################################)*
C  5  .%
C$ "
 
#

###


"#
#  .%
C$  5  .%
C$$ * 
  .%
C$% @ &#
#  .%
C$' !
##  .'
C$. /### .'
C% ##+
>& .'
C%  /#####
#
####
#6

# .'
C%$ 	 &
#
#"

"  ..
C%% 

"##
  ..
C%' !
"#

# .7
C%. "#
 #E
F  .9
C' "
 
#
#
G

 

#H#



"## 3:
C'  5  3:
 C'$ * 
  3:
C'% !
##### 3 
C'' 
#
 

#  3%
C. +##
  
#  3%
3# 4 	 #################################################################################..
9  5  33
9$ 

"##&
##  37
9$  
#
##
  37
9$$ /#&
"
#
  37
9$% * 

# 37
9$' ( 
&#

#  3C
9% 0

###  3C
9%  0* >600  3C
9%$ I* >  3C
9%% J%9.: 3C
9%' @ "

#5
#  39
9%. @  7:
9%3 /&+
 
 7:
9%7 * !+  7:
9%C +



#" 
  7 
9%9 @ "
<!>  7 
9% : +###
 
#  7 
9%   #
  
 


  7$
9% $ 
8  7$
9% % /&#
# 7$
9' /&#

# 7%
9. +
""
	!
"#+
  7.
9.  +"

#&
  73
9.$ +
#&
  73
9.% !
"#

#&
  7C
9.' !
"#&
  7C
93 +#  C$
"# 5/ ############################################################################################1*
 :  5 C%
 :$ /
#"#  C%
 :$  +"##
#  C%
 :$$ 5)#
#
-
&
 C%
 :$% / #  C'
 :$' 
"# C'
 :% "

  C.
 :%  !+
"# C.
 :%$ 	+
"# C7
 :'    CC
""# &-6 	2( -/ ##########################################################13
    5 C9
  $ 

	!+  9:
  % * 
 
#  9%
  %  * 20!
"&
# 9'
  %$ 2-"
	!+ 9.
  ' / 
#"" 99
  . 
 #"##&
#  ::
  3 5
"
&)
-"##	!+
#
#  :%
  7 0#
& :'
  C    :3
! ######################################################################################################### "0
 %5&%!-(  ######################################################################## ""*
  5   %
$  #&

#
#
   %
% , 
#
   %
'   ##
"##

"###   '
'  0
 
 K+
 
 
##
#

#  '
'$ 0
 
$K0









"#   '
'% 0
 
%K( #GH
	!+="##&
&#
## 
#  .
. >#/


#   .
3 
 "  
  3
%57 ######################################################################################################### ""0
%5	6289 9 %#################################################### "
%526
( %: ############################################ ",
%5&6%/########################################################### "0
%5!!5!%	!%; /###### "1
%5 !	-%-%	!%; /
############################################################################################################### "*.
%5< 6( %: ######################################################### ",.
%5$6( %/######################################################### ")"
%5=	!################################################################### ")
%5> 
% !!?
 @ &< % ############# "))
%56-%%%################################################### ".0
%56	-4 	################################## ".3
%54 6	4 	 ########################################### "0
%5 6-4 	 ####################################### "0"
%5
64 - ######################################################## "0
%59 6	%	!% ####################################################### "0*

 !
	
  
	
 !" #!	$
	%&!" #!	$
	'(" #!	$
	)"* ++
$	
,"-.
///	%000122
$	%,"	* .
///	%0001 2
$	,"-.%000	%00
12
$	,"	* .%000	%00
1 2
$	23	* 
0))4&" "
.
///	%00012
$	3	))4&" ".
///	%0001
2$
$	3	* 
0))4&" "
.%000	%00
12$
$	$3	))4&" ".%000	%00
1
2/
/	
5+  6,'
/	%7 *  ,'")  
/	&89 !#" #!	// $0
/	768:; !<' ) 6'6 6'6	,	
$


0	
&) 6,',= ; 	$$

0	%&) 6,',= ; 	$%/$

0	 6'6(  $


	
7 * ; #,&) $/


	%; #,&) /0


	)/



	* /



	2&)>6,',;  /%


	< /%


	6< 7  /


	$; #,&6,&) /


	/? ; '"6,',= ; /


	
0; #,&@#>) ,'@/


	

<)A)!"' /


	
%<)( #>/


	
; #,&6 /$


	
; #,## /$


	
2<  #!	$2 //


	
5,7 # 7  
00


	
<  
0



	
$<#,6) 
0%


	
/<,6 
0%


	%0B; #,&768
0


	%
'&A!'55 
0


	%%,&A!'55 
02


	%A!'55) ,' 
02

 !
"	
6  A!<&' %
"	
3 )6,'%
"	%,;  >)"	 %
"	'6,' 8
"	'6,'3 #8.C&D+8D 1 
"	2,/
"	  ""4 /
"	  " 20
"	$6 ">E 20
"	/6E20
"	
05 ) 2

"	

,"42

"	
%6)>E2

"	
6>E 2

"	
'E2

"$	
6 ""* 	*  22
"$	%6 ""* 	22
"$	&) ) 2/
"$	 ") 0
"$	2) " %
"$	) "%
"$	! ) %
"$	$! )"" 
"/	
)'&"4
"/	%,'&!F"
"/	)'"4 
"/	,'!F"
"/	2&'!F"
"/	),&"4 $
"/	,'!F"$
"/	$),"4/
"/	/,  ""4/
"

	
5&!F" 
0

"? 	
6	* .
///	%0001

"? 	%6	* .%000	%00
1
2
"? 	6-.
///	%0001 
2
"? 	6-.%000	%00
1 




  
"# $%
"#"# 
0#
""
#
#



#

#

&
* 1 +"


 
#
#
0
""#

"
#&



#

 

#


#=

"##
 




#
#&=

##  #
  


 
 
"# / # &



 #  & 
 
#=  D
#
#=    #
 )#
 

#= #
   


- &
#&#
#0
#
#
"#
&
K

+"
 
#=
#&
#
&=
"


+"
#$=%'

#








#L#
 =


 =

"#

+"
.
"#

##
* 1 + "#
#### 
#

#

+"
3#
# 
 
## # 
#

  


#

### 
#
#

+"
7
"#

##

-
#
 "
#
"#
<

+"
 C #
# 
 
##   #  
 

" 
   
 ##
 


"##"
#

+"
# 9=  :     
"  
 

" 
  
 	 !
"# +
=  
-

=

 ##

B* 20!
=### #
"## 7A%
5
#

#

#&

 

#
#

5

=

#




    # &
  
 

 
##  

   
#
#


=
 
#  #

  
 #    #
  "&#
#

  &
 

=  "
 
 
 # &

 
  
 


# # 
 
"# M
  #
 
 
" B # 

 
 
  "
##
  B 
  
 




=# 
    
 

&



  

5 
 <
 
#= 
 "
#
  # #   #
# 
 "#  " 
 

##
 



#
=
"

 

###	

 /
" 
2
  
 /
" 
 0#" #  
 &
  

5

5#=" 
#&##
#>&= 
#
 
 
"# 
  &
 #

 ## 
 = 
 
  # 0
#


#
#
&
=

##

* 1 +#$)
"
=
&
#>&+)"

#"  

N>+O
!
#
"">&
#  
N!>O
##
#
##
#0
* 1 +
"

"
#
####
"#
#&#
&
##
 


=#
#





5 "#

#
#

 
##  
 
"# &
 
# "  
  

" 
   #&




#

 $
"#*# ( %/
0
    
 "
 #  

 

##= 
##  #  
 
# 


"#
&


<


  <"
####
#&



#"
&

#K

• 


" 
= 
 


P
• 

#&

#P
• 

##

#
 
#""
"#,# B A
A
0
&

#
&


=&&

"#

"
#
N( O=#
#&
K
"#,#"# B 
"( !%/!
0
""#
#
#

#






"# 


#

<=##
##

##"


##
"#
 #
#

 "#



	!
"#+
##



-



&)##
K

•   "

#
 

 

 B 
# 
 


  
 #
  
 



 
 
"#  
 

=  
   #

 &# 



#
•  "#
#



"#
• #

#

 B"

"#)


#
• #
 








"#,## B 
%( ( 
0
""#
#"
# "
#




"##

#

<

"#

## 

# 
##"#

"##

&)##
K

• * ""
#
• /

"
## 

"#,#*# B 
*4 	
0
""#
( %#
#	!
"#+


&)##
K

• 5
# 

#=

###
• /&#

#
"#,#,# B 
,5/
0
 ""#
  ( ' #  

   
- 
=  ""
   #&#
  


!
#
+!
"#* 
 

&)## "#
K

• 5
#
#"#
• 0#
• 5
# 
#"""#
 %

0
 

= ( %  ( '  "#
 
 * 1 + 
 # #

= * 20!2 ) 
 * 1 +
2

0
!
"#

B#
 


&

"


/ 
 #
  
 "
=  
#
 #  "  
 #"#
#  



##

#


###
#0
 # "
#

 "&
 # 

=  
 "#
 
##= # "
  &
 & +)
"
=&
""

 
#K

• 2&
"

@ "

#5
N@ 5O 

#
• @ 
 


"
"#
• 


""
#
 
 
#

 

= 
 
 "
 
  "
  
 ##
    =   



#


"
#



 #
"

"#)# 2( 
( 




##
 
#
#
" 




& 
 * 1 + "
=   

 #
 #  ## #  "  


   ##&
 ##
   

# 
  
 
  &  




"#


"#)#"#  	C 
0

&#
#


#

"
#&

" ##
 

#  
 #
 
 &

 "
 
D
 0
 "
   & 
  # 
&

#
* 1 +"
=
##="&###
 
#=5

#
 * 1 +=   #
  #=  #
 #  
 #
# 

  
  

"
 5 = 
 E"
# 
F # "
 " #
 #    

" 

* 1 +"
"
# 

##
"#)## %!( 
0
 
 

 #
 #Q<#
4
2

1 
>

Q"

""K

• /##
 

#
* 1 +"

• 
#
 
 * 1 + 
 # #

= * 20!
= " 
 ""
 	
!
"#+

-

• >
	+!
"#< #

• 1 

& 


# &

##
#

0
 

=#
 

 & 


#  

  ""
 
"#


=#
#
##=" 



=


##

=&
* 1 +
 

""
-
 
"#)#*# 

• <1 +


=<
#( = .B 7"$::$
• 5* )2<
 =2=0#
=,
=  "$::$
• 5* )2<
 =+5!=+#
=5=$$* $::$
• 5* )2<
 =	>!= #
 =	

#='* $::$
• 5* )2<
 =5	0=* ="= #* $::$
• />1 
 =G2
 K#
##
?H=$.,
&$::$
• 1 * =/
* <
#=  
1 
=* 

#=$%* $:: 
• />1 1* =#	>&=+
<
#= 9* $:: 
• !#

##2

5 !
#
#=>+


+

=#=
  $:: 
 '
• 
#
=>+


+

=#=0
 7@ $:::
"#)#,# %
• 
=	

  N$:::O=Q>



K  
#&

#&
Q
• 	

  N$:::O= Q * 1 + 
Q )  &#   
  #  &

# 
* 1 +
• 
##

#
##



)

"&# 
 ##


"

##
#
"#)#)# &/%%
0
"

#

#



#=


"
=
K

• 0
 @ "
 
# * 

K /

"  
  # 
)" 
#= ( 

  $:: +)
&<@ >	&

/	2!+<!>0


"

&  "
 
  
  "
  
 <  &
= 
#

 "#2,2
<0
#


###

"#

&
#"
"


<
• 
#
$:::=3)C/
$:::



"
#


M=2"#
&+
#=5+=
!
#
>&
#1 "@ +>+
• %!>+
/
#"+
/=$%@ $:::
"#)#.# +!
0
"

#
 &
"
#### " 
###* 1 +
0
#

K

• 0
5#+2

#N5+2O
• 0
5#* 
2

#N5 
2O
• 0
5#2
2

#N522O
• 0
5#
>
!
#
0
N5>!0O#
• !
""
>&
• 0
#>&/ 
""+

N>/+O
• 0
&!
#@ 
N!@ O

0#
"
"
#
#
##
"
####
 "

#=

"
=#

"


###
"
## "

& 
 







<

 .
# &'!!( 
#"# $%
0


&

 
## #
&


##  #
  "
# 
#
 # "
#

 0
 


# &


 


#  #
##  

 #

#


#&
0
 

#"
# #
=


-##
=

## ##&


#

 #

&
#

- 
0
 #
# #"





&


#"
#

 #
&
###&

#

5

&


#
##+"

## 2!!C %
@ 




#E"

#"="
####
 =&#



 
-#
#"#=  
##F N( 
 939P0
 9C3O2

#

 
&
#
# #"
D
##=  #

#&#

"&
  # NM  =  979O 0
    # &
  #  
 
#

# # =
#=


#"
#


 &

""
 # "   #
# N+#
+ "= 97:O

#&
&



 

##
##
##


#0#
# "&
#
# 

#
##


# #=

#


  
#
 #


0




&#

#
""
#=& 
"
#=&

#"
###


#
#
##

#
=
#
 

#
#N* D#
= 933O2
#"

#
"



=


"
&
#



N
= 9C.O

0##

&


"
## 
##
##


#

##"&#
#&#

"#
"



="#


#

"

=

 
""
#
 
=
-
#



##
!
#
##



&
 &
D""
#"&#


2

# 
 
## 

  "&# # 
 
"# 
 &#
  &  

 "F# "= 

   
 
 "
#  "
#=   
-"  
#



##
="
##
&
#


N!=  97 O 0

 #  

  "&#
 
##  # # 
# 
 
  

#=   # 
 #
#=   
  
## "

 "&#

-


2

#

# &




=
"

#
 &
  K 

#= 
 #= 
 # #"
# N
=  
 =
 99CO 
## 
  "  

  
-
 #
#= 

# 


#   #


#
#
#N
= 933O
N= 9C.="$C$O# #"#KE0
#
#
#
&
=

#

##
&
F

 

N 9.'O#


#&





##
##
##


 


&
##
=


#
 
#=

#=

7.R

  

2

#=""
#
##=

&
#
""&

##&.:R
  



5   "#  E""
 
#F  E&# 
#

#F= 1 
#

  

 N 9C:O
#
 
 


# # 
#

# #"
  
 
 
 "&
 =

# ""


##
#"


=# #



#
""
"
=&




#
"
#5 #
#
 


 3
 &
 
  
#

#= 

   # 


  
#P 

# 
 #"""
""

#

#=

 ##
 "
##
"&
 #
#*# $!( 
#*#"# $!( 
5 # 
"
  &   

#    #

 
"
#  
F# ##
N
=  9C$O ( 
 N 939O "##  
  
"
   #
 "F# 

 
 
#




"F#(  


 #
#  


 "
#= 
#& 
  
   
 
 
-

  

  #
  
 #
 # &

 

 & @  N 97:OP 
 N 933P  977O= 4

N 99:O= N 9C%O
=
N 997O=2#N 997O

2

# #
 

 #
#     

 #
#   "
 
 N 933O
 
#
"&
 )#"
##!A /"
#

#
#
#



 
#
"

#


#

"&
 


 

 #  
 # #"
 
    
 #  
 "
P # 

   #
##


#
&
#
#

!
N 97.O ##&
#
# & * 
#  * D# N 939O  <
& N 97 O= #   )#


&

#
"

"#

"
##0

##


-
#
#



"
#
= 
#"

#


#
#"&
 #

2#   N 997O #
 
 

#  
#&
 
  )#

 "
# 

#

#K N O #
 N$O  N 



#O N%O   N'O &# N.O
##N3O
N7O
-NCO


$%#
##


#

# "=2# #
F#N 977O#
 

#
 

 #
#   "
  # &#
#  
 


# &


 #
## 



# ,    
# 
 #
  
  "
 "#
=
  
#

# #
-
#
( 

#

#"
##

"#
#

 



&
  #  
 #


=  
 #
    
# 

#
# #  

# 
  
   ,= &      
  #
= &    
# 
 #
 0
   
 #  

 "
##=  
 
#  
 
 
"
##
##

( 
N 939O#"#

" 
"
##
#K#=
P#
= 
&
 
#=



#.) :R 
  
 5

"#
#"
= 

"&
 ##

###
 =&
#&)##
 #

&#
" 

# 
##
##
L8
L

"
## 


#  0# 
#"#  
F# N 933O #  
  
 "" #
"


  #  
# 


=  
 
  # "


= 
 
  
#  



#

 "
-"
#=


##
&#

&


#
))
)


L&
#L#=& 
###





2-
  ##
##"
#=&
N 977O=8A 
N 9C$O
"  N 9C3O # 
 #
  

   #
# 
  "  


"
#  "
 !
#
 

 "
# 
  #
 
 "&#
 

  "
"


-
  
 #  
= 

# 

" 
 "
# #
 

 #
# 


#= 
)#

-"
#
0# N 97CO
"
"
 
#

"
#  

 "
#       "
  
 "
# 
"
#  


"
 "
#


#

"
 & 
 N 97 O # &
 
 &
# #
  
#  "  "

#
 7
#*## A( 58
0

#
#"
#
#&
&( 


#

 #
=


 #





"&
 



##&

#

5  # 


  

 
 
 N* 
  
=  99:O 0#  N 977O
#
#  
#   
"
### "
-=#
 
 "
-
#=




#



 
 

    
#= 1 ##  
  N 997O #  
 

 


"
 "
-=

 

D
#

 =



 


 #
 #
 
#= 
* 
#* D#N 939O=<
&F##N<
& 97 O

= # 
  "
-   # 
#
#= # 
# 
  "
-  
  



=#
#
#
 #
#=#
#
#&
 


    

 #
# #
 N#   
=  99.O 4  
 N 997O
#
## "
-
#
#=
#

#
#

#
#
 &

 #
# 
#
# 0# 
 
 #
#   "
= 
 

#  
 
 "
- 
 "
 = # 
   # D
 & 
  
-

#""
 
#


N
##
#)4/

=
( 

)	


=
 993O
#*#*# -D!
0
#8

#
# #
=#
##




&

#

-
#
#=#


 

#
##=


#
 &
# 5
#   #8
 # ##
  
# 
-
  N!
 
0#
= 97%O


#

")#




 #&
  
#
)#

#



" 
 
 #



 
 
#
#  
 #  
=  
  "
"
  #"
     
-

 #



=






## #
-
#
#
   
 
 0# 
#     = "
#  
#
#N
=  
= 9C%O
#,# -!!( /
5 #
#&

  #
#2- "
# #
#

"#=
#=#""
## 
#=

#,  #
#&


   "   #
 #
#   #
#   #"" 

 


##
#
#
"
#




#" #
#=



"
 
#" #
#0
" #
# 



#
K

• #
• +


#
• #
• !
"#
• #
• 
#
• 0
#
#
• 6
 

0

 
 

 "
#  =   
 "

)


 
  = "
 &

#&#
 "&#
#  # "&#
 & "
##  
 &
#" ## 
#
#=  
 #= # 

   #"
 #
  #    

E
#F
 #
 
##

-
="
###=

-"
#


&
   
 # &#  
- &#
# 0
 # 
  
 
=

-"
#
= 

 )
-
   #
 
)#" &   

" &
# 


" 
#
 
"


 C
	!"



# ###

#

" 
#

 "

#  
 # 
 
   0#  
#  


 "

#  ""
# 

# 
 *  


# 
 
-
   
#  &#  
-
&#
#

7A
#&#
=
#


=

##



##=&

 




#&

=


#"
#"
 
 "
 0
 
 
-
  &&"
#  
  &&" = # 




#


-"
 

=
##0

"  
#  
 


#= # 
 

 )

  )



 !
"# 
  &
 "&#
 
##=
#&&"=#

&

-%% 
##
& 

##=
=

#  

#= "
 
= #  #"
 ##= 
  

#  "
   #
#  # 0
  # &
   
 #
##F 
# N
 # # +
O  &#
= # 
    &



#


5

#

&&"
##=
&





&
 #
#=#

&

#"
 &

"&#
= "


# &
 



#
0
&
#
 "





D


&"

>
##="
#
"
&
=&


##
 
F#"

* "
#


&

5

=&
 "

#



 "

#
  
&#
#

 
 
  "

#   #& 
    
 D    


#<
#
# 
 #"##" 6 
#
  & 
"
#"#"
#= 
#
#
 
  
 
#   #
0
 
  
  
## 
#

  
 #"
 
#
0


&#
-&#
#

#
#=&
#
## 
 
#&

&=
#"


#
 &
&#&




 
#


%8% !(  #   #  #
  "
#  # 
 
 "
#F "#  #

#  

" 
 1 

 #  # "&#
 & 

##
 #

#=
#"#
-





#
# 
K

• &##
-
#
• &"
#
• !

#
• !



#=
&#=
#=
"
#=

#

&##
-#

#
&&"
# 
#=#  N
&#O 
#& 
  
F# 
# 0

 # # # 
 
 &


 
 
 
&
"
#
#""
&#
- #

0


# &#
   #&
 
   
 )
 

 &"
# 

#"
#&

#&
&#=& #


=#

#
"=&

#




#&#


#&

"
##


 9
#,#"# $%5!( 
5
# 
## #



#
#=++
N+=+


= 99'P+=< 
= 99CO
"
# 

#

&



#
#="

#
##

-
K

5
K " #"
= "
# 
# #
 
#= 
-# 
# 
"#= 


" 
 
"#=  &#= 

" 
  
# = #
# =
  
 =  
 =   = #

 

&= )#

"#
#
#
#

2-
K #=  8
#= 
#  
# 
#= &
#= "
  = 

1 
 
=)#"
#N"
##

#
#="
##O=#""
#=&&"&#
#=

-&#=
#=


#=#
 #=

##
#

0
 #
  
 #
#   

  
 

  #
 
 
## 0
   

#  &  
 
-"


 
   5  "" 
 "
#=




&
#
""=
#

-
#
#
 
  &
 

  
#
 &

 &
 #
 0#  #
 #
  
-

#
#  
##=#
-&





##
&

#

#,## 
!%!!( 
0

#

 





#"

#
#
#  

&
=

&

##
 !#
&
F# N 937O #
#
 1 
 
 "
#
= # 
    
 "



  
   

 
#

"
##0
#

##





##
&
K

  
"
#&
$ 
 

# 
&

=
-"
#&
% 4#

&
"
# &

"
' +#



&
. <#
&##
3 ( 



D
#  

&
"
#B$: 
# 

7 4#

&
"
#B$: 
# 


* 
 

= 4 

   N 993O 
  # 
 # 
 
##   
#"




# 
 
 

 #
    #
# 
 #
 
 #  

"&
 0
"
##
#"
"
"

#

&#
&
99R
$$C
#"
#="&&&
#
"
#
#


F#


-"
#
( N$:: O

 
 ="
#
#&#=
" 

#
&#  
 
#  "
#  

 
 
   #
#  #
 



#=
&



#


 
  N 99 O   
#"
 


#  #
     #
# 

&
#=

&#
#
 #
#

-#
+&N+&=
,
  
 =  9C%O  "#

 
 # 
D
#
 #
= 

"
#
-"
#
  
* 
###

#
#
N80# = 979P>

=


= 993P+=< 
= 99CP
#=
1 ## 
=$:: O

, 
#
 
##=#



#"

"
"
##
 
@   #
E  F


 
 #
 
N
+
= 939O5#
D
-&
=  



&5
#  &
  
 
  

   
      N+8
"
=  97.O #
 

 "
#= 
 


#      &
 
 ""
= 
###

=
 
"
=&
##


  :
J""

 N 99%O #
#
   &
  
##  


# "

 "" 

#=



&

#=

##
"# ##
=
 
 

#F  
 
# 
 
 
#
#  # 
 
#  
##  
  
#
N


#O 
8 N 
8 

#
=$:::O
#


#
 
#"
"


=


##
 
#
"
"
= #
  "
"
    
#=  
 #  &   

 "
 
-"#

#,#*#  A

 N 97 O 


 
 "
#

  E
 


"
#F  E& #"
#F 
##0# N 9C O
#


"
 #=


 
-"


  "
##  "
 

= 
   &

&#
###

#=& 


#"
#

  
 &
#1 


"
#

#


-
 =&#


-
  


  
 &
#
N80# = 9C O

( F# N$:: O #
   
 


# 

 E 

#F  
  "=

 
E

&#F<



"
#=

#
=
#





&# ##



# 
 "&
 # 
#
  ##


##

#

##
#)# !!!( A%
5 #  
  #
  #
# 
 #
 
  #= 
 
 
 #
   

-0

##

#
#
#
#
0
 ##



 

##&
#
#
=

##  #
#= 

D
#=& 
#"

#)#"# %!

N 977O
 #

##
#
##&#
 
#


    
  
 #
#  


# 
  
 
  #
 &#=
##= #"
#  
 
"# M   N 979O #
  


#


 
   
  #
 
  # 
##&
 #
# 
  
 
#
D#
#=

#"



#=
#= N&"##&))
O
-#=


"#

1 
#&


N 93CO
# 
#

"


# 

#
=   9 


#   
 

#   0
 


# 

 #
   

  
# &  
K 
##&P
#
 #
P 
 DP  


 

-"



5#
##&#
#
 # "#



D
#
0

##"#

#"&



 
-"






# #
#"



##&
#
#
0#=

 
#
##
=

#
 

##&
#

 #

+&N+&=,
 
= 9C%O#" K

• #
#N&#="
#=
"
 




#

"#=
"
"
=   
 
O
• 
 N
 

= 
-
#  

= 

 

  
 "
# 

#==


##O
• 
#N

"
=&= #"
#= "
=


=
O

 
 


 .:: 
"
#   


#  
#
 &= 
 
 
)"
#
 

&
#
"
#
D
#
 #

)&=
#
#
=#= #


 #
=
#
#
&
&

 # " = 
#=&##


#

   



 # "#0

#


&



D
#

#

!#
&
 N 937O #

993"
#
  
 
###
 
 
#
  #
    
  
 #  
  "  
   
 
-"

 

!


 #
# #

#
&
=* 
#N 99CO


 #  #
#
 
#


&

##

##&##
 

D

#


0
#
 #   E  
# 
F NJ"=  9'9O= 

 


# #
  
#
#  #
##=
 - #
=###""
&
#


#
N!#
&
= 937P= 9C$P@ L!
= 9C$P+= 9C%P#= 9C7O
#)## C 
@ 
 "##&
 
#  
  #
   "  #
#    #   


###
#
#
"


#
N
===
=
=  99CO 
  
 #    


# 
  
  # &&"
&#
#=  
  #
 0#  &
 
    
 "##    ## 




#
#=#


#
D"
 




-"


  #
    

 # 
 &
# #
#  
 " & 


5   
 
#= &#   #
# 

 


 #
# 
 
 


=&
###


 P#=

 
   

 

= &
#
 
 
 #

 
 5

  #



 
 &


 
 
    ## 2
     ## 
 

#

#
##
"
##


=

#

#"" ### #

#
"


  N,# 
* =
$::$O



#
)
N 99.O&#


 #

&#
#"
#
#



 ## "
#
=#



#




#
#
#


##
##
 "

0







#



## 




  "
## 0#
   


  

 
  
  
 #"


#
#

&
=
 #
# 
#
#"

 
 
#

 

=
#
 #
##

# &



"##"
#( 
=
 
=
N 9C9O




##
 #
#
&#
#" #
#&
#



 #
&


@ &#


#
=#

 #
#&
## 






#

&

 #
#=
&
#


 &
#
 


=

###

=
 


&
#
#
"""
"
#=
 


 &

 2

#  #
   
  
 "
 
# ##  &
 )
 
=
 "



#
N!
#=$:: O
#)#*# 	89 
1 
#&


N 93CO

D #
#


 
D
  #
  

 #    D 
 
  #

   

=


# "
#
&

  


=& ##


 
#
 

0##"#
##
-"
&@ F!
N 9C$O=



#
 
###

D #  

&
=
#"





 
##="
##
#"

## 
### 
 

  $
# 
# 
- "
#   
 # 

#   #

= "##& 
#

####=

##
 #  "
##
#N



O

# N 9C7O"#
 
#
D 
##&=
#
=&

#=  "
  
 

      ## D= 
 

##&= 

 
# 
    #
 
# 
  N$:: O   #

 "
-=
##&=D="#
#
"
#

#

"


 "

##

 #
2


#
##

&
D=
##
" #

#"

#
"
#
#  =
#
#&

#
=
##&D

# "#
"









&
#)#,# 
!
@ N 97:O
-"

"
##



 

0
"N 999O


 #K

• 2="#
0#
# 
#"
="
##= 
= 


 



=

-"






# 5#&

#
#

#
#
 
# 


• ##



0
 
   
 #"
    =  
 "#  
 #    #
 

#
• /
 "#N
=#
-O
• 5

"&
#
0
 &  
#  
##
#= 
 ## 


  #
 
 #
#= 
 

#
#"##""
• 
#6#

 F# 
=  = #"#  "&
 )#=    
 " #



0
 


   
 

 #
##  "
# #=  
 "#= 
 

# #


#
N$:: O

#
#
 "

 

#  
 " #  # 
  
 

 #
# #
#
 

 "&
#
 )#

&
=



- 

&
#
#( 

#

"


#=# )
 
=

 "#&
#
#.# ; !$
 N 99%O
"##
#
  9CC 99:

 =
 



#
# 
#



#



#





#
""#

=&
###
#
=
 ##

 "
##= "


#
#


#


##
#


&


* 
#  
 N 99%O   
 
 "
# 

      

#
#
#

  #

 -0
"#

D
#
 


#
+6#

#=## &
 
?
 
#


#
##

 ?

#"5* )<#N
=
 99CO'::


#

#

&

 #
="#
#

 5



 


#

##
5

 

#"=C:R#


#
##
5


=&' R
#

## 

#"
"##"#=

 #
#

5

 

D

#


# #

=#

  %
# 


#   
##   
 
#" #
 
 5

  
 
D
 
#
    @ 
= # 


# #
 
 5

    
 
D
 

 #

 
 


# 5#


#
,
D
#

5


 3%RN.$O ':RN $'O
,
D
#
N
#"
##O  ::RN.$O .9RN7'O
,
D
#
N
#"
##O 6 ':RN.:O
!
## 5* )<#N 99CO

* 
 

= ,
2 # N 999O&#

  


 
 
 


#
#

5

 0



##

#

 #
#

=&
"


#
#


"
"

5

0##

#=
&"
"##"#

" 
=#

#
#"
# 






2#
#
#
 # "

#

 
##
 
0



#


&



#

#
 

 
& 0
  "
  
 
& #       # 
  

 #

##&
=
5

"

#"
"


"

5
<=
 #
#
&

#

&#
#


#


#	# 
#
 
#"
#	2>5 N	2


>

 5
O
 

)# 
"&#
# 
&
 &
#
5

 
#= 
 
 


 
 224> N2& 2

 4 >&O=
"
 
##  D 5

 
#
#  


  
 
  
 

  
#

0
#
5

#

#

#
&&
 ##
#2!/2=5



  D 
#"
  


  = 

 .:=::: "
 # "
  
&



$::$0##
#&

##&K

 

 ' R
5# $9R
1 
 
 $:R
@ 
  :R

0
	+ N	#+  


#=
"


##	O 
"# #





#""- 
 ='::=:::#"
 )
 N "
  
* 
	
#=	+!
"#

+=	>
=$ =$::$O( 
##
 $%@ &
)7	
 &
$:: =


)

&
<1
 



#
"
 &
  =
#




 # "#
#
#  


##=K

• 

• >

* * A /
• #
• 4
• Arnold Engineering Development Center 
• 	
• +
 
#"

• /
 

 
 5

##
&


# 
 
=

-

 


#  # 
 ## 
 
##  
 5

   
 
#"# #

  '
#.#"# &/
0

#&#
 
# #
#

( 
&
#


 
   #
#

#
-"
 
 
##

 7
#&






#&

#"
#

5



"     
-
   
#  # +"
  
 "
 
#
#=

#"&#
#
"




 &

#"&=



###


#"&#
# #
#



###
 
##=

#


 
)"N"
)"O

#

0
 
 
  >#  # 	 >&  
 <= 

  #   #
I#

 99 #
"#NE#
)
FO
#
""
#"##


#"
#5#

#
)"





#

=
 $:%=7.   
#  $3  $::$ NI= $::$O=   

  %  

#"
 

2)"#

#

#&

#&
#
"
 
&#
## 
&


#2

##"&# 
##

 
  #
  #   

 

 #  

    
  
 

  
# 
##
    0#  &
  

 
 #

#  "##  
 #

#"
#=&#
=



)"##


#0# -( ( 
2

#F

 ##)

&#
"&
 )#=
 


#  &
   
#)
#    # 
&
=     
 
#

""&
 5 ##


#"
#
 #


"##&
####
= # 

&

#  #
# 
-
  
  "= 

#   #

 &
 
#  

#"



" 

#

0
 
#
 #
##
##&=
&#
#

#
 

= 


#  &
  ##    &
#
 
 

##  


#
#    #  0
 5

 # #
 & 


# #   )#

 =

-
#

5 # &

 #  #
## 


# #"
 &


 ':)33R 
  
   
N= +# 
   99'O=   "
#    #
#    
 "





=


F#&
 "##&

#
# 
 

  #
# 2

 "&
 # 
 &  
" #
=  
 & 
  
    ( F# N$:: O 

 &#=     #
= 

 

 #
#"
#&
0

##"
##
=
-# 
)"
##

 



#  #   
  "  
 

 0
 "&
 )#
 #
# "
#
#  #
 
 &  " 
#  #

  
-"
#
=  # 


D
 
# >

 "
# # 
 
 ""

#  "#   
#=  

-"
 

D
#N#1 &&# 97.O@ 


##
"
"

&#"
=

#

  .
*# +!!( 
/

 


 ##"&& "##&

0

#


 
#

- 5 #
# 
"=## 

#
#&
#
=#
&
 
#
&
 
#

##
 
#
 
#
#&
#&


"#
&


  "

 0# "
  
  

  
 

 &
#  
 
 # 
##
 #

 

 
 # 
 


#
"##&
=  
 #&
 
 

  
 #
  
#

 
 


 &


    

= # 
 &##  

  # 

#"=
&
 

#
 # #




#=


#

*#"# 
!/
@ 
"#"


#&
&
N 997O"
###
"
#
K

• 5#
 ) 
&#&

-"


#
=
44" 
• 2-#6# 
 
 ) 
  
# =& # # 
=44
 "" 
• 5

 
 ) #  LL &  # 
  
-"


=

 "  
#= 44    "F  ) ) @@
 
• +&
)# 
#
&



#
"=44 " * ))F
") 

 

=  # 
 
)
 ##
## 
  
  
 
-  


   


"#"



=#
"&








"#
=
"#"
##&

-"

*## &( /C !/

N 997O#
- 

 

=##
#&




))
-
  
))#
 4
))
-
 # 
 
 
-
 
  
  #"
 

 =

 
"
#
 
#

  #+#)&

####

#
""#=
#&
#
 

###
#"#
0#"

#
# ##
#&


""&
 #

##
 
"

-


=&
#

#

))#
## "



4
))#
 
  
  &
  
## 
  #  
))
-
 5 
D
#

 &
#
=
0#=

 #&

&
#
"
##
  
#=  
 ""
  "  #
 0# ## 
#  
 #
  

 #

 # 
 #"&
 )#  
 &

""

*#*# $!( %

=!

N 99'O


 #E

#
F
5 

#
#
#
"&&
 


#

 "&&
#  
   
 0# # #  "&
 )

 
   =
 " #&
#
""#
=

#

&"&
 
#=  

 

= 
 
 #  "

 #    # 
#

  3

  
   
#  
#
  

#
 
    
= 
 #
&
&



&##

* "N 9C:O"
#



#

## 
"#
#
&


#&
#
#&##NO=## 
  


"" &
&



&




 
#  # "
   #  
 

# # " 

 & # #


 

=  
 ##  

 #= #
 
 #    

#


* " N 9C:O# #
#
"- 
 #


 = #  "


 
   # &#
 
-"
   
  


-"


0

-"





 
#"#
"
"

 "    0
 "
# "
 
  


# #
    #

"&
 #

-"
# 

 #


##



-


 

0
 
 

 # 
#"  # 

 
 "
- /


# #
 
 
  E

F  
 

 #=  

 # &

   ###

 
 &
# &


  
    
##
 5  &
 #  

 # 

 
##
=    
  
    

 # 
    



 #
 
-##      =  # # "
#  #"
  
  5 #

##&
   #   
=   &
   
 # 
"
#

  # 
  =


 = "  
- 0# 
#   ##
  
   =  #


     #
  
     & @ 
  
   
  
##
#P
- "



#&

#&




#&



5 # 
  

    
 
-& 
P   
# 
F##


=#
#"


"

=&



-## 
"

  
 "

#    

   #   
"0
# 
"

 &
"





&#
"
#=

"


-##


0#
#"

"


4
  &
 
- 
 

  "  0
 

 &
#  
 

 

##=
-=


#)&=##
 # 
 #=
#
#
 
 
#6" 
#


"

*#,# ( E5%/
0
#


&
#

#


=# 
 
# 
"

="
"#&
#
#
&
- "
"


D
 "


#"#
!
D
#,"#
#
-
 
&




#
&

&

 "

  
  "
# 

= 
 
 & # = 
 # 
 "

   


 & 
#   # 
#   
 

 
#   
 
##
N+#= 9C:O

-



#
 

##
 


 

 
  
 # 
 "

   =   & #
# 
   #



&

0
#)
-  #&

 "

"  ##
## 
 
   " 
 
"=  
# 

 

 
 #"



 
##
0

#&



#

"


 "
 #"#0# ##&

&
&"&

&


" 
# "  #=
 
  
   
 
  
##
 0# # # 

 
 #    

 
    
  "  
 # 
= 

 

 
 
# "# 
#

  7
0
  "
 
  
 
   
#
# 
#
  
 

" 

5  !
#
# * 
 
  # "
 N+ "

 #
## 5


= 

5  * 
 
=  

 * 
 
=  # 
#O  &#
##
# 0


# &
#
#




## "


###
# 
    &
 #

  
#
  #
    = "# 

#
#=#
D
###
## 
 #


#

# ##
D
#=


   "# 
#
#= #
  

 
 
-"

    
#
  # 5# 
 # D 
  
   
#
=  # 



 ##     # 
   # &
 #

? 0
 # 
DN
 
"
O#"&&
#

 #
#


#
&
=!

N 99'O

#


0A 0
 
# #&#
D

"
0A 0
# 
S79=''9=# 

#  # 
= & 
  "
   
 # 
  # &
   
+"
0
!



/ 
#S %

/

  
#  
#
#=#D
&


-
#
=#

#


 



#& 
 &


=!

N 99'O""#
 &

#
K

• ##
)&#

0
#
"

 P
#

D" 

• +#)#
+###
#
-
 #
P#
"
##
• !#)&#

+#
#
##
 #&

• )&#

0





 

0
#  #
#
##
##
K

• ; 
• <
• 5 ""
• 5 "



##
• 5 ""#
• 
 "

#
#

* 

#&

"

 

 
 #=

 


" 

#" <
 #
&
 
 ""
= #  #   
   "
-  

 
= !
 
 
N 99'O#  #


### 

 
""

 # "

 #&##


&


 

#
=  # 

 
"

 " 
  #
#   
    &

#
=  
 
- "
#  # ##= ## 
#=  " 

 0
  
 

 ""

 #

#N###

#

"#O
 


#"



&

#


  
"
#
 


* 
 

 # &

 "
  
 #  
    #

#  "

&
#0

# "

&#

##

 
#



&

""
###
##

 "

* 
#
  

##
 #

= #
"
&
=
& 

 
 #   &
# 
  
#  =  
  
# 
#
" #
 &
#  &
 &
  &
 
  
 #
  
   #

1 
#

##
#&

&

=""
#

  C
   #
   
#
 
  
#
 ""
#  
 ## "# & 
 &


&
"
##
 #

#

0
#L
#
""L 
#
#


 
 
#
##

"
 

#) 
##&

))
 
5"
 
##


"

 #
#&
= # # " 


#&

 "

0
#
L"



""L
#
 #
#L
#
##
## 


=#
 &

#""0
#
#### 
##
#
 
#
 6 ##  
  
  =  # & 
 
-" #&




= #
 
"#  
 
 # # #&

= #  
 
# 
 &
#







 #
N	
  9C3O


 
##
##
##
#
#=#=

N 99.O#




 
#
&
#<#
#

#

"
#


#"#
#
#
=#=  :

=#&
#

  
=

# #   ##
  
#  # #  "" 

""#

"#
 &



0
#
D

"&#


#
 #
#
&( 
"
 
 97'N( 
 9C:O
2--
#


"###
 L 
L  $R  
 &

  "#  "&#
 

=  

 # #
##
 
 &

  # # 
# 
 N#

O  &
         


""=3$R="&#


 "###

#D
&


#

#

( 

-  "
&#=* """#
#"
#
)"#


#

0
"#

#
 
"
=#=#
##

"
 # 
 
#"
D

<#


#&
#

#
D

##
 

0
"N$:::O
- 



#
#

#.) : 
#
"#


#

#
#
#

2-
#


 #
&1 #

 99:#=


 #

#1 #N 99 O#"
 
#
 

&
#
#"" 
#
#* 
#"
#
#
#
#
"
 # N
 D##= "
##OP #
)

 # N
 
## 

#= ##
 #= 
=  
#OP  #"" # N
  
 
= "
#
=
 #O* 
#"
#D"#

#"
#=
 

##=&=D

( 
 
 


#"
#
& #

#="
" 
#
#

 
 
#
##
=& 
#

 
#
# 
#
&

0

#&




#

# 
#
#


#

1 #
#&


###
##
K

  
"
"
"
"
"N
 # 
#
O
  #

 
#

#

&

 0

-

#

#

###
#
#

0
#

 #
  



##
##

#"
D
=

 
##

#





#"
0

#& 
#=#

&
&


#&#
 
#&# 

 
#

0
D

 
 #<##


 3

# N 9C') 99:O   $: 

 #
#    #
 & "
###  
 =
 "
#
 


#0
#
 #
#

  
 


-
&#

#

#
N0
"= 999O
  9

0

##"#
# 
&
 &

#=&#


"##
##


#
N&


$3$
#"

O

 &
##"
D
#
 
#N$99#"

O""



#


#N""-S':"
 99%O.:R

=



#D
 #&
S9 $:"






0#E"
F #
#

"
"
*#)# 7!!%
0

 
 
 "
#  # &

#  
 0
 
  
 L


"
L
 ##&


#&
"
#0
#

=
##&
&


-
  
  
 &
#0
# # 

&


#&
 

&
" 

#

#   #  9.C= * 8
 N 9.CO   "#
 
 &


 
  &
  

# 
 
 &
"&#"
& #
##0
  #
#

  
 "  "
## 


 5  #
  .9. 


 



 = "
 N 9C$O    
 
   


L#  
 #  "#
 
  ##=$%R

&#
## 


0

 #  

 
 &


   
   "
 
 
" 
N 97 O
 #
#
#



##




  ##"
 
#0# #>* 
L#N 933O#

 73. 


#=    )#"
# 


#    #  

 


#


 


1 #N 99%O#
#-##

 
#"#


"0
)
"
"

##&


#
.9R 

#


#
*#.# -( ( 
4
##&

=#
"= 


-F#

#
  

  # 
"

  
-   

## 4
  
 #  
 #
#
"
"
"#&#

#
F#
-"

 
"
=
#
##
## 
#
 
#
#
  
 
- "&
 )#= 
#)    


= 
 &



&

D
 
  
## 
-"



=
N 9C7O



# 
 #   #
   
 
 "## 
 #

   #

# #
#"
#&



 
##2-

#


#


 
##
 #=  F#
 
=   # "


 # &
 #  " #


#
#

	D
 
"
#

  #

#=



&


 "#= #&&1 #N 99%O= 



 
 #"
 D  
    

# 
 
 # "
 
 0
D
 
 #"&
 
# 
"



""=


#
#
#
&


 

0
#
 
#E
F
 #
#

&   &
 &
  
 
 0# #   "##&
  
 
 &


#=&#


## "
#



 0


 


#  
  
 
 #


&


&


=&&
E
##F


#F 


 $:
,# 
,#"# B  F
0

 
  "
  
) 
#  
 

 
 N 99CO 
# 
"#=


##"
#=#

#=


="
)"#=


"

#
 #""
 
 "&#  # 
=    
 
#
 & "
&&"    =  " #   )"
##    
0

&=#

&
 &)#

#



##
L>-
 &+
1 >L= 




% 5
 +


  1 
 >

 5 #
#  
 

 # "
  


#
 
=
 =&#
###="

 #=#

&  
"&#
#( 



#
=

 #  
 ""
#


#


"
,## ( !
0
 #    


 
#
= 
 D#  

" 
 
## 
"

"&
 0

###
#

##
 
==

#= 


 ""
#  
 
"#  
#  


 ""
# 
 
 "
##
#  



"
#
#"



-"
#
 "



L## "=

""#
##


##0


-"
 


-

##


=

    
  #
#  

  
  
   
 
# 
   # #
 "
##
# 

#

0

"# 
-"
 
"

="=#"
#=##=
"
"#=#6
##N* 
#= 993O5 "=
#


##
  
# 
 

#
=
#"
#


#
= # 
 
#  #
 "#  
 0#  
#  
   # 

#"
=
##""&
 =

-"
 




 &
 

"#

&
 "&#
#

&2
 


##""

= $  C #F
#
  

"&#
=#
"#

D








#
=
#

" 


(    ## 
 
" # 
 "   
#  
   = #  #

"D"
!
"# #&



##

D
 
#


    
 
#
=  
 

 
 # 
 

# #
 # 
 #
@ 


"#&



#="""
=
# 
#&



="

)


@ #
= # 
 
"#
&






   

##

,


##"
D

#&
-"
 
 
=#&


# 

" 
#   
   

#  ##
 
 
## " "= 
 
" #
&

,#*# < !
0
/!
"

#+
#N 97%O
#&
#

"

5

#


" 
#  
#   

( ( =


  &
  
"# "
 
#
 
 0
 @ 
  
 !
#
 
/

" 
 N@ !/O #"
 
 
)#"#
 
#
 & 

# #
 

 
#
 #= 
  "
#  
#
 
 # <"&#
 
"#


 
  # #&
  
#  
  ##
  
#
 
#
 
## 0
 

 $ 

 # 
# 

  #
  
 
#
 # "
 
  &
# 

"#=#
#" ##1 
 "
#
 
#

#) #

 
  
 "
  @ !/=  
 < 
 
 

# 

" 
#F
-"


#


" 
&




 9.:
##<
 
)#"#

#


&
"&#

"#


7.=::: ::=:::"

( 

@ !/##&
=

#


   
#
 
"# 	
 

# 

 

  #"
 
#= # # 
  
2
 +  ## 
#&#  
   #

  ##
 
 #
 

 
 

=
@ 
!	!
#


 
 >&  +
##  #

 
 
"#  

#  @ 	! # 0

 
  &&"
 
 
"## &  
"  &
 ##
 =  
"
 &
#
 
&

"
#
""


"=

#
##&


##"
"#

0 "#N$:: O
#&
#<



#&
#
"#
/
 9C:#
 99:#=# 

"#

#



&
#",

/
"#>& 



  
	0
 5 

 N	05O  #&
	05
#""
#
"# <
 


#
" 
#  
#= 
&
#
#


"#

#
!
"# 
/
" 

0#" N/@ 0O  
 2 
 
 
 N2O 

  # #

#

  	05 0
    
"# # # 
 
 
 
#=   ""
 
 
= 


+/)!@ * =#&
"
/4/* <
 



"##&

5



5 
<=
0
!
"#+

"

## "&#
 
"#&
 


#

#&# 
##
 9C 5###"&



/


!
#

5 +

N/!5+O
#>&/!5+N
#/#




#O##
 
#

 
<


   

7.
#=#
#
-
#





"#


#= "&# 
 E/


 !
"# &##F  E/


 0
 &##F 0

#>&#
"&#E!A /&##F
 =&
##


0
&!
@ 
"
#

#

#

 
0#


"#

 "
 & 
 
 
" 
#  #    "   
 
 

 


=&&

##

 
%:
#

0
  #
 =    
  &
  
"#= 
 "##
# 
  "
 


"# 
#  


#5 93%

# 
#
 &

"#
##
=
<=
 .:=::: .:=:::5

-

# 97%=
# 
#

##.::=:::=&
&

#

&
0
#>&
# 
#
.:=:::< 
#
"


=&7:=:::<#


 
"# 
 
 	05 
 
 0
 # >& #
 D
# ""- 

 9=::: < 
"# 
 
=  "
  7=.:: <  
#
#   7=::: 



"

#

  
 "
= 
"# 
 &
 
 
"
 #  
#"

  
# 
  =#


&

##"
 
" #

# #
&#
-#

#(  #
"
# 
 

  # 

 

"#  
 "&# !
"# 
  
 #  E"
   F & 

&
  

"& 

 


"
#
#
"#
##& 
#

"#&



,#,#  
# 
 # " 
 
"# 


 # 
 #&= 
  &

  & 0
 
"  &  # # 
## #""     

 $$
#   
 
  
  ## 0# 
  
#   
 



 
< 
# 
"# 

&
"&&
!
"#
 &
 #&
  
 &  
  " 

# 
    &
 #
 
  
&# "
#@ 
 "
"#&

##
&


 "=&
#

 #
  


0
"8#"
#
#&
"##
-
&
&
 
 
&
###



"#=&
-
1 "##

#
#

 
=##

 "




#
##
"##"

 
 
0 "#N$:: O

#

- "
2!50!) :3$9'=E##
## 
#& ##
 "
DF0#
&

# 
2!5
&#
N"K66
" O=&
 



)
 
#
#"
S$.=:::="
## 

##

# "##&

&




#

"##


)"
#
"
 

"
 "

=




#&)"
"
##0
"
##


#
#  ##

=###
=

"#
=


  
 
"    &
    
 
 0# &
#  

&
"#

!
"# 
  #&
  # &&"   

##  
 &
 
"


#", 
"
#"





=

"""
 &
 
 &# # 

 
 
 &#  
- #

# ##  
"


=

 "

#
@ &
"
<#&


 
 # >& 
#L  
 
  5
 #  
 &
#  &

"&
 =#&
"
#


 "


##

* 
)

 =&
 &

"#

#=
 #

##&
)&#
  "##&



# 
 #  


# 
 
  #
     #
# # #
&#
# N
=  
 =  99CO @ 
 
 # # "&
 )#  # 

 #

&
#
####

#=#L L

 ##
##
-"


N
=
= 99'O, #
#
 "#
L  "FP 
 
D  "    &

 
   #
#&
*   
#
  
" 
#
# 


( 
 "
 
  


 

= 
 
"#=  
 D
 D
#= 
 "
"&#
2
 #

# 
#
=
&#
#
& 
"#

# 

"#
,#)# ; !
0

#&

 # 

-  
 
"#
 


!
#
 99'&


#
':R
#"
##

"## #
=#

&#N
=
 99'O


# 
  N$:: O  
# 
 2  9C3 #
  % :3 


# N

#  9C3O= 

"
C R

#"
##



"#

"
#



 "
  & 0
  #
  C7$ < 
#"
 #
##  


# #

""#

 
"
=


#C%R


#



"#

5+&L# N+&=,
 
= 9C%O##


 #
#


"# 
. =&
"
"
#
#N #=%O&#N$=
'O0
####
"
#"
#
##&#
 

 

#
   #
=  +&L# 
##

 

=   #
 & 

#
#



 # "#
D
#
0

"# 
 :
 $%

#
#
 $&=&C
 #
D
#
0
#
#


"#

#
&
&

  1 # N 99 O 
#
 
 
"# #  
 #"
= 
 

 = # 
 
 
 
 # "
   # 

= &

 N 

O &

"
#




#"&#
#
#

=&#=

#
#
 
  
 "
   
 
 "&   
#P 
 

 
 


"#
#
#=
)
#

"#
#- #
 * # 
# N.7RO  
 
"#   %%R  
 
 
"# 
 
 

  
# 

#@ 
#

 
 
"#

 
& #=
 #

#= 
 
"&
##
"&#0

#   
 ""#
 9:R 
 
" 
# 
 #"
 
#
N "
3:R
#7:R&
#O

0
"
# 


5 

"#
#

S7:9## 


#
#"


"
N "
S$3.
"

S3.:"
&
O0
##




• #"""

#
#

• # 
" 
#

• 
 
#



•  
#




#

0
##
"
 
#"
D


"## '9K 0#
 "
#. K 
# :CK &#

0
#
##
#
 .$R
"
#=&#&


#L"L##=
# #  )$R  
# 
  
  
 
# 
 ## 0


   &







"#
#
-
 
&




>/+
 #
#

%=:::# 
# 
%:=:::
D
##"

=
&
&
&
') ( 
 "

 .=:::
D
##


&>/+

=
#

# #

 =&
#
#

&#
#

"#

###


-&	  ; -&- &9 ; &--
%( 8< &  = .7 7=3'C
 /(  39% 7=3'C
$%8	( (   =:%' C=3$3

8  %.C $=.$:
  %=$'$ %'=:$.
"	
6  A!<&'
,#.# /%!
0


&


 "# 
#


##& #"" 
"

2"

 
 21 >2651 >2 #

= &   
 #
##  
 <= 

   
"# 
  



 &
  
 5

 0

 
 # 
 

 
#  ##
" 
##



,#.#"# $/
0
5
	
5 #
 N5	5O" 
#"

#
#



#   
 &
#"   :7 #
#    97: 5 "
##
# 
 F# #
  

 #
"
#&&"&#
 
- #

E)

F#
#


"#

 $'
0
2
0
/2-
&
 9C7# C 
 &

#
-




#

 

  &#
0

#

#
 
#""=&


# 
## 
 
#

0
 2"
 "
 
  # #  "
# ## & #  
   97. 5
# . 
 &
 #
#
-##" 
 

-" #"
 #

 
#



" 
 5 #
  "
 
 2"
 
#"
 /&#
 N2/O & # 
#

"&

#
,#.## ; -/
@ ##
<
&

  



 
"


##&
0


 
 #  
#"#&  ##
 
 
 
##  

 #"#
 
#
 #
& # "##&
 #  "&  !
# 
 5

 #  "
  
#  
#

##
 = 
 < 
 
 
 # "
# # # 	0!  
 1 >
	

,#.#*# 4 -G 4 	-/
	+#
#&#

,#( (  9 .=#
"
#	=
#

 9.C
#"#

"####
"

 #
 #

= &# 
#


   
 9.:# 93:#=#=
##

N0 "#$:: O##
"

"#

#
D
# 


#


##&

	F#
0
5 N05O"  
"
#&#
<

#
#
  
## "&

"&#+50!
N+


#"
5 0
!
"#

O0

##


&#
 0! N
  0
 
#"
 !
"#O  # #    
+50!##&
"&

5

0
	0
!
"#

N	0!O
&#

#
##)#
 

&#
#

#

/
##- #
#

N
)/
 99'O= :=:::# 
#
	0!
#
# #

#0





##
#
#
  = :: 

$=%::/

 &
N	
#=1 
 99.O

0

##&





#
	+!
"

@  &##=

	+#

##
 
#
.=:::/,
#0



%=:::#

#"
 "
 


 
	+#

=""- 
 :=:::#

# "
 

	0!


, "#=	0!
#
%:=:::#

#"
 =## #

 
	0! #

#
	+0
 
#
 #

 
D
 



 #
 #
# 


D
##"

"#&


 
 &

 
###
##&

N	
# 999O
,#.#,#  4 C A
0
1 >50	
#
#
#"#

  
# /@2N/
" 

2
O#"* $:::N$:::O
##



<



#=
1 >50###)#
 
 ::=:::)
-

"#
/@2=

/@/N/
" 
/

#
O=
2N2 


O=	
,#.#)# % D

 &
 
 
  
"# #   
 !0@  N!
#
  0

@ 8O=#
#



#


#	0@ 0

!0@ 
&#
"
#
##

- 
#"
&
	0@ !
#

0
@ 8#"


##=1!/N#1 "
#"
!
#
A 
/

" 
O5
!0@ ##""
#&"
"#=#

###
 
#
5



 $.
"5


##

-

"#=
#

#
 


#
"#
#&


=# 



#&

"#



&



&
& 
##/,
#
,#.#.# & &8-$ &&/
0
 2"
"
#
#&
"##51 >2N#
 5 
1 
 >

  2"
O=  # )
 & 21 >2 N2"
 ##  1 

>

 2-"O N# >& $:: O 51 >2L#   #  "
 
## 2"
 



=
#& 
#


#=
#
>/+N0

# >& / 
 "" +

O N21 >2 $::$O 51 >2 # 

#   3 
#= 



 # 
#"#&
 
 
 

  #    " &&"

#

51 >2&#
= "#
#&3%:=:::#N( 
 = 99%O@ 
C3=:::
#
#


"# 
<!
"#=##
#=




51 >2&


 
#




,#.#0# ; >
0

 
  


# &


 
 <  < 0
 <  
 ##
 
##
   
 

 

#  " 
  

   
(  
<


 "&##

## 
#
& 


# 


#


&

&

#


""
#

#

2
  
 
 
 # 
 
 
#
= 
 
   "  &
 
 

 #

##&
#""
  

=
#
#
  =


"&#

##
 =
#

#"
#"
##"&#
##

>
 
 # &

 
  < 
 
"#   "
  
 & ##
# 

#
"&###


#=

"#"


+


0
 # >& #  
  $':=::: 
"#    9C: #=    
  '=:::
#
#" 
#
#&##>/+= 
#

"#

 &
 #

 ## 
 = 
 
  # 0
#
 
#
# 
  

=

##=#

#&


)###
#


#&#
#

0

&
#>& 
<"51 >2#
 ##
&

 
"

#&

##&
<
51 >2#
 #
##&

"
&#
#2

#>&

-


"#
#
=#
 #" 9C:

 "

0
#<
"#


=
 &
 
'  # 
 $=:::
"##

#=
  	05N  9':#O=	6	+N  9::#O=5=</262+N  9':#O=2!5+
5	5N  97:ON
 99CO0
#

 

#<
"#
,#0# -( ( 
 
"#    &
 "  
 

 
  


#F =  
 
 " #
=




&0
"&
##
 #
&
" "
"
 
=#
  
"#  

 &
 #&
 
-
  
 # 2
   
" #

# #
##
 
 
-
= 
  &
# 
 #  #"
= # &
# 
 &

#
#
=
#
&
 "

"
E# 


#


 
 F 0
 "
##
#   

 

)

# &
# 
 #)
  ##P  


&
 

##
&

 

 





##&


0
 < # 
 
 =  
  
 ""
#  
 

# 
"
#"
 
#
#

&

"#= <#
#




-
##

&" 

&
#>&=

<#

#
##
 
<
"#=#
##

##
#
#""

"#<
 #
 $3
)#  	$( -%
)#"# $%
0
 "##


#


##


##


"#=

"#

=
"#
#


=
 "
 "


#
# 


##
 5#"
## 

&
   
#  
  "  
 
"#  
   # 



#=#

#&



#
"
#
)## %
0
 "##
-

+
<
#=; 

* /#="
#




"
0



C7 
#"
#='   +
; 

* '. /#
0#
&
# %#= 7/6/26* #
#  * 6* !
##
# 
+
=$9


#= %
-
 "
#%
 

# /#

"#









"#
&
#+
=
"
# 
   # #
 
-" 
 
#
  #   
#"#
  /#=
""#



"
#
""0
#

""
#"




P'$R#
""
+
9.R/#

""


0
D
#
##

D
##0
#
D
##

"
#
""
#




=&#
##"##&
#
#&



" " 
 


N#

""
-O/#


#


"


 

=

#+


# -


"

)
)


#

0

#"
#
&# # "
=



#

##&
#

#

"
#

   
 #
  


# 

=  
  -  


#  


 &#  
-#= 
 
## # &
 
  

 
#  #
 

"#


#
#
##
###

#


#F
#

"#=F#

 

5&


#==

 
 "


"
0
""###

&
"=



# 


-"

#

##




" #


&

&0


#"##&

#
&##"#

##=
=####
"
#"
=

  #"
""#

&
""



 #&

#

)#*# %%
!
#"
# 

 #
 &  " 
" 
  &
  

 N; 
#  O
( 
#


"#=
N.%RO

#"
##



 & 
  +
  /# 
 #   & &
#  


"#=# 
#
###



5

N

/#O5&
#"##
##
"


###

"#

 
= 6    
 # 
" 
#  7R  
 
"

  


 & 
 &
#= 3R

"&



&



#


&




  "
#"#
##
)#
N7 RO#







 +

)#NC3RO#

 
  
  
 

   /# 0# #"  

 
 

 
"
#
"#
 #  
#
#

D
&




=

##


##
"#


#
 
 $7

 	!% 2   H
( ( %%!! %  $  .  7$'
( ( %% :       .
!%  : '  '  3:9
 $C  C '3 .$C7
-%   $ % %'.
$ : : : :::
  : C C 9$:
  '$ '. C7  ::
9 " < C %%!%F

@ 

  33R  
"# 

 &
 &
#
 
 

 

  
 
#
=
#
  
# "
# 0# #  
 & 9'R  ""#  # 
 #&

 
  
 
" 
 #
# 

  
 
 0
 
-  # 
 
#
N 3RO#


"
N; 
#$O

 	!% 2   H
/ %$  9 .$ 'C .
/C A %  :  %  $:'
/% % ' 7 3'C
% . : . '3%
2 9 C  7  .7'
! $   % $7C
$% $   % $7C
4 ! $ : $  C.
4 C  :     :9%
$( ( %/ : : : :::
    ' . '3%
  .9 'C  :C  ::
9  B %%%%C F

( 


"#&
=':R""#
=

#.9R

#



&"#

"



@ #

"#

"=
&##
 #""=

##
##

- #
D

N; 
#%&O

 	!% 2   H
     $ $% $7:3
$% 7 .  $  ' $
% 3 '  :   73
  : .  .  73.
	 C 7  .  73.
! ' 3  :   73
  '3 %9 C.  ::
9 * B !%%%F

( 
#


#

" 



#=9$R""##

"


"N' RON. RO 



N; 
#'O0###&#
&C.R


"
##

"##


7R




 $C
 	!% 2   H
 $: $' '' .  3

 $:  . %. ':7:
4    ' . .C 
!     $ $%%
  '$ '' C3  ::
9 , 2%!( %F

1 

#
##


##

 "&
 )#
-=#
#"##

'3R""#&



 

"=

# 
# 

#"#
 .R#


"
"

 #
"&
 

 	!% 2   H
 /C AC % $: $C 'C '.7 
!( (  %  :  %  $%C
- 3 : 3 .7 
-/(  7 : 7 337
-/(  7 9  3  .$'
2%'(  : . . '73
  9    : 9.$
  .$ .%  :.  ::
9 ) < C %%F

0
D
##
""#
 "
#

 #
#


    #
  
  
=  
 &
 
  "=  
 &
 

 "0
#
#


#
#


K

• #
• 
#
• +


""
#
• 0#"
"
• 0

"#


• #
• 
#
• 0
#
#
• 5



#
#

####&
N; 
#7O=



##
#"



#  
 
 " #
    #
# 

 
  #  "  

""# 5  &
 #

  
  #  " #
# 

 
 
"#= #


 &  
#= 
 5

  
 " 
"  " "
 

""0



"##
 "

 "* ,0 1"
7A  $ %7 %7
= C %$ ''
	!    %9 $7
  ' %  ' 
   %$ '.
-%%  3 $9  C

 $. $  %
 $3 %'  '
$ 9 $9 '$
9 0 A( !!""C A#
 $9

5&
#


#
"#

# "
#=#
5



"
"
""#


+ " 
 "

"#   "
  +
  /# ##  

# 


=
"
"#  ## 
 "
#  # 
 
#"
#   +
F# "

#"#
#

 

 #"
##
 #
# /#F#=
#






 "
!
"#  #
   #
 


&#=
#


""
# "








  "# /#F# " 
#"#
#

  


  
"#  &#= 
"#
"


#

 # "#




 "* ,0 1"
7A .  C  7
= ' C $7
	! %  .  7
 7 $$  $
    3  7
-%% . 7 7

 . .  
   $$  $
$ '  '  7
	!%!9 0

1" ,0 "* 
$:  9 37A
 3 $' '=
9 $' C	!
$C 9 7
$7  3 :
   $$  :-%%
   3 $:

   $ $.
$'  . .$
2!9 0
)#,# 	
0
 # ###



"#=#
-
 
#

 



 5
 #
#  
"#
## "


F##

 
 #
####


#5##


D
=#
"#&
&&"
#
0##
 
"##
&""#
#5&
#

#



# ##

##
"#
#

#

"

"#
"#


5 # 

#  
 
   "
 
  
 5

  # ""#=




5

#""
#
&


#
 

=
 # 
   
 #
#  ; 
#    
#
 " 
#"
# 
  # 

5

   
"#T 0# # "&& &
#
 
 
 "
#  D
   


&

##"

0



##
 &


##
##
&

###
"
#
"
0###





 #
&





#

 #
-
 


#
&

 #
#
 %:
# "=#&
"  "

=

##


#

"##
 # " #
=
5

&#
-

 "##&
 

##  # # #  #
   
"# #
   
 &

  

 
""



# 
&
#
F
 
#


=


#""#
##
#

"#



 #





  % 
.# %!%/!!( 
.#"# $%
0###


## 

## 
##



 "
 



* 1 + "#5
"
#
#
 "


 "
  # 
#
   
 

 
  
 
 &

  
#= 

#= 
 
  
 


  
##   #
 
"# #

  

 ""
.## %
0
 ##
-


 "
&)&#
D
#
=
 
"

&#

"K66 6D
#
6
-  0
 D
#
 # 
 " 
= 
##



#""	!
"#+
N#


+"
 CO 0
#
 
 
 >
  0
 "" 	
  2

 N>0	
2

O= 
 	+ <   
&#
= 2!/2= +
 <
# & 
&#
= /#


 

# 
#

= 


 #
#    &
  


 ###
 #  
  
  # ## N# $::$O= 

 

 37 
#"
#    

&
=
#
#
 
 
<

0
D
#
=#$ D
##=#&#

#
 

#&

#
 "
# #
#K2<!5>5 N
===( 
=4
 997O  5* )< N
= = =   
= 4  99CO=    #
 
D
##=
 "


D
0
#
D
##



 "
 
 
#
 "#

5#
#
#
K

• !
#"
"
#
• ; 
##&




 
• ; 
##&




"#
• +  
#
##""






####
.#*# %%
0
 # #
 #
 D
## 
#
     #
 
#"
#  
  = 


#




-"




#
.#*#"# %!
!
#"
#

#
#





N; 
# O0

#"
N':RO #   
 
#"
  


 


 #
= 
 & 
  




N $RO

=

 "



N :RO#
#

%%! $7 ':%:R
7    '9R
	(  . 7'3R
	/ % ''CR
&E&%	(  7  :'.R
  % ''CR
! $ $99R
 C   9'R
4  $ $99R

( %!! $ $99R
  7  :'.R
 37 ::::R
9 "#B !!C !C A8F
  %$
0


#"#
 

#"



#
 


#
 

+
<
#/#  
#
 
#= 

= 
= 

 #  & - 


#
 

#
#&#=#
###&




#

	
   
 
#"
# N'7.RO 

 


#   
 
  #= 
  



 
 #
# N; 
# $O (  
##  .R  
#"#
#     #
##= 

 "#&

 
#

#
#
"
 


#

%( !! $ $99R
&6/(  C   9'R
&6% $' %.C$R
 %%  ' $:9:R
!! 9  %'%R
-6/(  $ $99R
-6%    '9R
-%6 % ''CR
  ' .97R
 37  ::::R
9 #B !!C %( F

0

-"




#
#"
#

=

#"= "#


#"
#=#
:B.
#
-"


&N; 
#%O* ##"







#
# 
 
#


#=

#"


#
  B$:
#
-"




) $  % %'R
."  %  9':R
""  C $3C7R
",  . $$%9R
,"(  : :::R
 37  ::::R
9 *#< C ( !!C A58E
%%/F

 #  
 
#"
#

 
  
#
 
# 
  

 
"
##"

" 
N; 
#'O

% $$ %$C'R
7!(      3'$R
  ' $:9:R
 %(  3 C93R

%    '9R
 $ $99R
+%%%(  $ $99R
  9  %'%R
 37 
9 ,#B !!C %/C //%F
.#*## 9 !( 
0
#
#

D
#

D
##"



 




	

#"
#N97RO


###




 #
E
 "FE "FN; 
#.O= # ##

&



##
#
#

  %%
+(  .$ 773 R
$(   %  9':R
4 ( (     '9R
 !(     '9R
 !(  : :::R
 37  ::::R
9 )#$EC ( !/
!%!( F

 

#"
##"

#':R
 
##

 
N; 
#3O=


-

3:R#
0 #  
# #"
 #
 

  &


#
#
"
###
=

=

 #
 "

### 

" ' .97R
""  %  9':R
",  7 $.%7R
,". $: $9C.R
."1 9  %'%R
1"" ' .97R
 37  ::::R
9 .#
( C !C A( !%
!( C %#

	 #"#= 
   
 D
#
 # 
 "
  # #=  # 

#"
#N97RO
5


##N; 
#7O

=
$:R#


5


##

#"@ 
#
)#

#
#D




#"



#

I 3. 97: R
4  $ $99R
 37  ::::R
9 0#2/$C A8C F

( C   $  937R
I%A(  '9 C:%%R
 3   ::::R
$!E!( C !!C %$F

0
 
#"
#F ##   &  
   

  C:R  #
#
N; 
#CO @  
 
#"
# #
 
#
& N 3RO=

D



&

#
"#= 






&

&#
#"




  

#

#

2JAC  $ $99R
4      3'$R
I .' C:3:R
 37  ::::R
9 1#2( 8/!( F

!
#"
# 

 #
  
  
D
 
 #
  
    #
# 

#
  #
  
 


   N; 
# 9O 1 

 5

 #

# 
  # 
D
 #
  = 
 & 5

 #


#=  
 


#"
#F"
##
 

  %'
# 
-"

= ###  

#  
-"
#  
 
#"
#F # 

 #

D
 
 "
= # 

 &#= &#
#   
# 0
 
#"
#F &=

 
"#= ##  


 ""
#

 
 
-  # 
D
 #
 #
#
5

#= 
#"
# 
  
 #
 
-
 
"#  
 
  


"# @  #
= 
D
  #
   
#
 #    # ""    


##&
#


 + #
!:
: $!: 4 /

!!(  $. %$ 3 $
$!( %C C A $  %:  ' :
2C 5C  C %.  C '
2C 5%C 

.  . %7 C
$  ' $% $% 3
  C  C $.  .
7A  C %.    :
=  7 $7  3 '
%8(  .  $ %.   
&5  % $' $. $
$ C $% %: %
	!  ' $$ $$ .
  :  C $3 C
-%%  $ $$ $. '
28 .  9 $3  %

   7 $% % 
&% $  $%  ' 3
$6 %3 $. % :
$ %' $. ' :
$C   $ 7 %   '
$ 9  9 $3  :
2!(  ' 9 $9 $ 
 3 C $7 $$
     %   
9 3#< C !:%!C !( C !
!%!( F

46 48 50 52 54 56 58 60 62
Internet - general
Internet - search engines
Personal store of technical information
Books
Informal discussion with work
colleagues

	
 
  %.
,
3) =&
= ## 
 " 



  #
#
E
D
FE


D
F#
#
#
 &

=
#
#
##

  
##
&
  

D&
=
-"
#
=
#
##B
##&


##
   #

    

 #
= 
##  #&  


 


"#0##

 

#






!
#"
#

#

 "
#

 #
#


#


=
&

 "=
= "
0

##=

#&
N; 
# :O=
&

#



#

"
#

 # "#
#5&
#

&#


 # "
#
=
&5

#


#

5

#


 " * ,)
7A  ' 9 ' 
= $'  : % 
	! $:  % $9
$#  . $: $9
&5#  9  . %:
-%% $3  ' $%

 '3 .   
 %$  7  '
$6  $  7 %3
$  $  % %9
$C  %.     9
9 "#A!C ( !C ( 
C A!")E"( %)/( #

0
 
-  #  "   
#
# 

 
 
"#= 


 ""
# 
 
#=  


 
 #  #  

 # 
 

 # 

 5 # 

#  
  
  
-
 "
 
 
"# 



# 
&
#"
#0##





#

 
 
"#

 
  
   
-
 
"# 
#= 
#
#  5


#&

#


&

 "


0
   
  #&
 
# &
# 
 #  
 !
#
 ""
>&
# 1 " N!>1  $::$O= 
 5+ <#
 
#K 0
#  2
 5  

#
N<025O!
" N #=+=>#
=!2=
=/<D=+$:::O

#
#0

#

##

-#

#&

#

= #
#
#=#&

##


 


#
&

#
 =

  N9.RO
#"
#
"
   # #

# & 
 #

# @  .R #
 
 #

#      #&

#"
#
 


2( ! 3$ 9.%CR
2!!%!( % % '3$R
2( ( % : :::R
4  : :::R
 3.  ::::R
9 ""#B !!( E%F

* 
#



D
=
#"
#

#
&

#

#
#

#




 

( 
#

##

#
 
D
=$CR


  %3

+%!! $ % 7R
2!!  3 $.':R
4 %!!  9 %: 3R
& $  %%%%R
+ . 79'R
 3%  ::::R
9 "#< C C !%!!/!( E
##%/%EE%E#F

( 
#

##&
 =$CR)
# "


"
#D
#

+%!! ' 3%.R
2!!  ' $$$$R
4 %!! $$ %'9$R
&  9 %: 3R
+ ' 3%.R
 3%  ::::R
9 "#< C C !!( F

	


)D
#N7 RO
#"
#

 



 



#

=


#

 
# 
#


&5( C  ' 3%.R
B  '  3.:CR
4 C !( %     7'3R
( % 7     R
4  : :::R
 3%  ::::R
9 "#< C C %%%!( ( %F

@  $7R  
#"
#


 N$.RO  
 
 N$RO  
    ## 
# 

+!%    .9R
	!%  3 $.':R
4 !%!% $. %93CR
4 !% $: % 7.R
4 !%    .9R
 3%  ::::R
9 "%#< C !%C %%( !!( F

0
 
#"#
#    


# "

   
 " 
 #

#  "
##

 

#
 #

#= #
#"
 
   
 

 

 
 ##
# 
# 0##



"##





#
#=



#
#

 
##
#
"




#
##
#
#

@ &#
#   
 

 

= 
 * 1 + #
#    
#  
 & 


#
N; 
# %O=


#


#
E
)#"#"F=#
5





 #

#
)#
=
##
&
 "

#
#




 
#
#=   #     
 #  0
  

   
#
#







 
K


  %7
 
# 
 

&#
#=
 
##
2

 #

#

 

"
#)"&&&
#
#
  
 # "  
 

   &
 
 *  
 
"# 


 &

 

&

"
 NO

#
2

# ##

D

&



""
   "

 &#
 
 #
  


 

= 5 
  
 5

 
 
"
 5#&


5L 
#"
# "

	+#

"##
&
2/<
#="
#

5
#2/<="
 =#&#"#A #""

#

##=  

 
 &
#   # 
##&
  "
"
     

""#
#
5  &
     ###  
  # 
 

  
#= 
 # #P 
"

-&#= 8
#=#

5  N&#= #
#= # #"
#O#


-

 #"#





5&


"

##
#




N#
=
&#
O





#
 #
&

&

&#
#
* 
 #
  # 6 &#
# 6 
# >@ 0 
#
 <"  .:R     
 # #"


# @ ( #
 

@ 

 # "###
 #

 
 
##
#
# 



 N&#=
"#=""
#=
O



 

#
#F
-


T 
 
#&#
#&
&#
- &

"T
0

#&
 

&
#
 &

",
#&




#5
#
&L#

T
9 "*#2/( ( C %A( A
!( F
.#*#*# 9 
!
#"
#

#



#=

#=

#


 
" 	
 )# N77RO 
"
  
  
 #  
 
"=

 #
 "



#

4   ' $$9.R
I '7 77:.R
 3   ::::R
9 ",#	?@
%F


#"
#


"
5

=D
 





  &=  
)  
  
    
  
 &
 # N; 
#
 .O

( ( %%( ( !!! 9  9.7R
( ( %%(  $ '%.R
!%A    $%9 R
!% .  :C7R
!%% ' C7:R
!%$  . %$3 R
  : :::R
 '3  ::::R
9 ")#< C %%!%F

  %C
>

#  #
 & 
  
  



 
 #   #
   
 * 1 +
 "#=




&



##

#

 5


&
#0
 "#

"#

#

&



5

=

###


#"
#
&
 
 
   
"   & 
=  
 5

 # 
 
# #

#
#

"#

!
#"
#

#



##


&
"N; 
# 3O
2 #
#  # D
# 
  &
 
   "    N#&#
D



O=#

#"
#


&#

#
)D
#
#




'%R
"#

&
&
#







#
=#

#
"
#0## 
&9CR
#"
##
#&
 


"

#
#



0

-
#
##






#



"


/  $ $3:9R
/C A   $ 7R
/% 7  .$$R
!( %% ' C7:R
!%% 3  %:'R
!!% 7  .$$R
% $ '%.R
!( %!% $ '%.R
/C    $ 7R
C /( ( % ' C7:R
  : :::R
  '3 ::::R
9 ".#B %%%%C F

( 


"#&
=3 R
#"
#
=

#%9R

#


&
"# 
 
" 
 
@ #
 
"# 
 
"= 
 
##
##

 #""=
&
&#)
# 


#
# 
"

 "#

  '  3'7R
$%  $  ' $R
%     $9'R
  7 $:::R
	  9 $$%.R
!  $  ' $R
  C.  ::::R
9 "0#$!%E( ( C %F

( 
#


#

" 



#=9CR
#"
##

"#


"N7 RON$7RO 



N; 
# CO0###&#
&C:R


"
##

"##


 CR



!  $ $337R
 %$ 7   R
   $$$R
 '.  ::::R
9 "1#Did the contents of the report meet your %5F

  %9
'%R  
#"
# &
 
 

   
 
"= 

#   CR #
  


"
"

 #
"&
 N; 
# 9O0
#

##
 
#

 "#

/C AC % %. '$3CR
!( ( !%!  %  .C.R
  :  $$:R
/(  7 C.'R
/(   .  C$9R
 $ $''R
  C$  ::::R
9 "3#< C %%F



  
#"
#N9CRO
"&

"0



 #"#=
 #
    
 &
 "
"
  "  D
  
"= 7%R
#

"U.
##=$$R&
"
"
""U$:


##U. $7 7$97R
U.U$: C $ 3$R
U$ U.:   $7:R
U. U ::   $7:R
* 
U :: : :::R
0 %7  ::::R
9 "#< C ( C %%F
.#*#,# 	( (  % C       
%
!
#"
  
#"
# 
 

"#&

&=

#

"
 

+&

 @ 

 

#
 
## ) &

"
#



#
"
T
5#


 


 


0
 !
"# 
   
  

  
-"


 5 
#
6
##


 
-"



"

# 
 #
#
0
#

###
## 

"
2/( ( C %A( A!F

@ 
37
#"
#= 7N$.RO
&


#




# 

* 1 +"
""####=
#



#

"#




"#
.#,# 	

 &

##

# =##"
# 

##
"
&




 "#= #

#

##&
=

"#=&2<!5>5=5* )<5* )2<K

• 2

# #"
  # ""  
  
 # #
  

 P
• 2

#


 
#

 #
##&
#
#



#D#
#P
• 2

#

#
#  #
#P
• 2

# &
 ## #  

## 
#
#P
  ':
• 5
#= 


# 
 
D
 #
#  
 5

=  # #
  

 
P
• * #


##


"## 
 
P
• 0

"#
 "#



#=&&


0
#
 "#  
 

   5

)&#
 #= " 
# #
&

&&" 
#   
 
"#= 
  
 )
-  
# N


&
O



)# 
#"""

  ' 
0# %( ( 
0#"# $%
  " &

  
 * 1 + "
 #   "
 
  
 
  







#=##
#&




"#
<
5


#=#

###
K

• 0
"
#
"#P
• &"
#
#&

"#P
• +
#


"#



0


=+"
#7C 

 "#
#
"&
 # 

 

 
#=   "
 ##    
    "

 
 
#

#0## #=

# &
#



0
 ""
"#"
#=
#"
=# "#
#
"

 "

 
 
+"
C&
#
&

-  
 ##
# 

   
 "
  
"#   
#=
##


" 
 
"#

"##

0#"

##
#
##
#

"= 
 



"#K

• <
#
 "
-##
#


"##
#


"#"
&

!
#
+P
• 2-"
#&
#
#/2!#"


###P
• 2- 
"# 
"
#
<P
•  
 ""  
  
 
  
 
"# B ##  
 "&
 #




5

#&
#



##K

• * ""
"#"P
• * "" "
#
"& P
• #  #

0
 ""
-
#

"
#
###
"# 
"
#





	!
"#+
 "

#&=
##=#



"#
<
0## ; %%( 5
5 #  &

 
#
  
 ##
# # 
 "  ##
  



 
 
"# N 

   #  
 

O 
  "
- 5  



#
=
##
#

# "
=)
 "####
 
 
 



"#  
 &

 "  "
 
#  )  
 * 1 + "
 #
  

-# ( 
 
  "
-  ##
# # 
 
#
=   "
- #= "
"#= 
## 


#

5



#"

"&
 =


&
=#
- "
=

#
#
!
#
+
"#!+
"#


#


 &

##

##
&
N 99COKG51 
=
""
 "
"#
 
# 
 # 
 
 !
#
 + N!+OH 5 
  #



#   
=  # # 
 
  
 0
 !+ G# 


  '$
"

#
## 

" 
H= #



=
"&#
#

##

#

"#

0

"##

#


"
#
&
#


#D


"0

=


= "
#
##=

"#
"
#


#
## 
## "#=


 "
-
#
"#

"
#
#&
 
#"##&
&

"
##

"#

#&= "

&=
#

#


0
#=&
=###
"# "&

#
* 1 +"
K
G


#
&!+
"#HG 
#&#

 # "
#

&


#"


" 

)
-
HN* 1 +$:::O=


#
##
## "#=

 

#
"
K

• *  
# 
 
"# 
  &
 #

 ## 
 = 
 

#P
• 0
#

#
#

=

##P
• &"



#
"



 &

&
#
0##"# !	6( 
0

!
#
+N!+O
-#
=##=&


 9:9 979
N#

 0&
 7)  &
O=  "&#
 
"#   9C: 0
     
 !+ # 


#


 
 
#
&
 =
 
# 
#
 
# &#
 !+ 
"# 

 # "

)


 & 
-"
 "
#=  #



"
#
&
#


#D

"

#+  


#  9:9B 9$:

!
#
+  

  9$:B 9'.

!
#
+  9'.B 979
"	
3 )6,'

0



 
"##

#"
K

• !
"#A * 
 N!A * O= 9:9) 9C:= &
# )%C.:=
#D




"#
• +
"
#N+O= 9.:) 973= &
# ) %9%=




• 0"
!
"#N0O= 9 :) 9' = &
# )'%::?=

"& 
• <"
-
= 9%.?) 9C:= &
# )%C%9%=

"& 

!
"#A * 
 +
"
#

#
#

##
-#
"#!
"#
 
!A * #

#

#&

=

=& 
#

0
 !
" 0
 !  2#&# 
 N!2O # 
 
# "
 #
 

##
#

"# &
&!+!2
"##

#

0

"#



  #E
!
#
+F
"#=

=



"#=
 
 ## #
 # 
 # +  

 
#=



E+F"
-=
 
"

"#


!
#
+  


"#
=
!A * #

## "#


##&)#

#=##0&
7)$

#+  


# +6!A *   9:9) 9$:  &
# )37%

!
#
+  

 !+6!A *   9$:) 9'.  &
#37')$:' 

!
#
+ !+6!A *   9'.) 9C:  &
#$:'$)%C.:
"	%,;  >)"	

0
!A * +#

#&
"#
-#

"##
#

#=#
##E#F#
#

#0
!A * #

#

#
"#"



-
#  

  
 "
#=  #
= 

 
 
"  
 + #

# #  #


"

)

"#
  '%

!
"#
#

#
 &

#
D
=

=


# 
"#
 &

=
- "
=!+6+).$C=
#
-#=##
!+6+)..:#E+

#+F
N
!
#
+= 93$O

# #
&!+
"#=
 

& 
&#


- 

"#"
#
<
	; >#
0
 

 "

#
"
##
#

#

#
"& &
 & 
#= &
   # "
 
 #
  E


#
F

0
 
#  
 #

  ## 

 
- 
 N#

 0&
 7)%O 0
 #
>&
5#+2

#N5+2O&
!+
"###
#B

"#


0
!@ 
5#2
2

#N522O&

 
"#=

 
#
!@ 

EF
 522
## 
!+

"##




	-
4 $
G  	
 ; !# 
	( ( 
7     

    5 5 
$!	/&     
$!&
&
5    >
## :
 #

KV#

#

=5V
 


"	'6,' 8

<##"
 
&
	5 

##
 #N	5$::$O=
!+ 
"#&
# 
2 5###
#

N#

0&
7)'O, 

##&
=#""
=
>5+2=
# 
2##
!+
"###
#5##
!+
"#

###


"#=


-
"#+
<
##
-
##
  =:::!+
"#=


	-
< &%$
G  	
 ; !# 
	( ( 
  =<
#     
#=<
#    
 

 

=&



<
#    
>
## :!A * 
+
 


+ &
=<
#    
,#0

#
<>#

#
+<
# 5  5  >
##7:
 #
+<
#=>     
+
<
# 5 5 5  
/ =<
#     
2-

=<
#     
5 "
+



=0

* 

=<
#>
    
#<
#     
>

#=<
#     
>
"=<
#     
>&<
#     
  ''
* 
#
=<
#=5#



0
N<* 50O
5 5   >
##%:
 #
	
#
<
#     
@ -<
#     
; 

* A ( 
#
+

=
<
#>
    
; 

L#<
#
# 5 5     
 #
 "=<
#     

=<
#     
#
=<
#( 
#     
<
#+

>     
M=<
#     
"	'6,'3 #8.C&D+8D 1

0
  "
#     
 "
 & ##  

 
 
"#
#

###
#

 




!A * #&)#

##
"
=
##

#

#5# 
#
###  )
-#
=

= 
#
# #
# 
" &
# 
###0#
##= "

## #
 
#
#
"##

#

	!
"#+



#

	
0#
# #!+
"#
#


#
5

   #
#= &&" 



#  
 
"# 
  
 &

  &

#==

"


"#

###
#=

"#

&


=

##

0
    &#
 =  

 

 =  
"# #  "
 "#  
  ""= 
 #=  
 "#   	
!
"#+
K

• 5
&
 ""
#=&
 
#

##&"

"


"#

#

&
#B



#")&





#

"##
• (  
#"
    
"#=  &
 
#  "##&
  & G
#&
 	 !
"# +
  &  "
 
  ##
  

 &#

 
 J%9.: " WX 
 
##  #"
 

 >& 
#=


-
&#
#
&
#
#HN* 1 +$:::O

&
#
"#
 
 #
#

"#=&
 
#"##&
&


"#


 
#
"
• ( 
=  
 # 
 = 
 "##&  
 #
 
# 
#  # #  
=  
  )  )
 = &  
# 
"#

# # 
 
#  
 	 !
"# +
=   &
 
 


&


0

-#

- 
#
#
#



0#*# 	
0
* 1 +""##

G
Y 	!
"#+
=##


- 
"# 
=  ### 
 
=   #""  


 
"


H=#
#"
&!
@ 
 N!@ O
#G 

  

 
  
 
= 

  #"# "
#= # ""
  #






HN* 1 +$:::O

0# # 
   
 
-  
 #"# "  
 !@  N$:::O=  #
# 
""
#



##
"&
#&
#


!@ = 

 #  
"#  "
#
 0# 

# #
  
 
"# # 
  '.

- "
E#"
#
#F=
 


"#
&
""
= #
!@ F#
G

""
#"#
## 

"
#
# 
H5

"
"=
!@ #
#
#

#

#


"
#


 #"""

"###
 


#
#
  

5 
  
- 
 
 
#&   "#  
 #=   
#  !+ 
"#= 
 
  # # 
#
 
 #  
 /


 2
!
#

N/2!O

"#

#"
&
# "


###)
!
2#&# 
N!2O
0#*#"# 2&%%
/2!
-#
&


 99.$:: =
#

## B/#
; 
; /2!#

"

##K

• /


!
#


• /


@ "
##+


•  
#
!
#
2#&# 

• +
 A /


2#&# 

• /


0
#A 2@ #

2
#
###"


###==
/2! 


 &
#

 #-)
###= 


# B 
 2-"
 
( # B
& C79N

""
-+O0



=
#
#&# 
#

# 
  
#=  

 

 
 
 ## 4   
#

##"


"#=

##
#
"#

#

&
#


"#"
&#
/2!F#"


###=
!
2#&# 
N!2O=#
#

 "
-
 "
#

"

"#

0
!2
-#
&


 9 C 9CC#



"


"##

#
"
 & 
 !2  # "


### N0=  =  979O=   "
= 
" 
#

  
#=  

  

 
  
 # 
 
" 
#  
 !2 #

#"#&


 ##
"#

)
#
"#

#
# 93'=

" 
"
##

# 
#, # 93'=
0
 !
"#  0
 	
# #

# 

 #
  
 !2 0
 !
"#
#

#=   
)
 



  &
  "#
   # 
 
 
 

 
 # "&#
   

)
 #
  &
 #=  
"
 &
  93'= 0

* 
 ="
#




#
=&
 
 
  
#
  0
#


##

"
-

" 



 &
#
 
#

>
!+
"#=!2
"#
&

##


<+
=



#/2!#"


###= "

#

#

 
"# #

# 
"
#"##&
=
# 

-

#
 #

# # 

= &
#  
#  
   
 
D
   
#
 

 "


##
-

"##

#=




"#
&




0#,# ( %
( 
   ##   
  
"#= 

 
 #    =


="
##
&&&


##

,
# 7)$= 7)%  7)'= &
= # 

 
#  
 # 
 
"   
 	
2

>&B	2>)37CB#
&F#	#
&
#+

  '3
<
#=+<
#&0




#
=
#* !+
#

&

#


# 
 
#

041: eng 
100: Grattan, E 
245: Two-phase flow through gate valves and orifice plates / E Grattan et al 
260: East Kilbride: National Engineering Laboratory, 1981 
300: 34 p; 30 cm 
440: (NEL report) 
490: (NEL-678) 
507: Affiliation: University of Strathclyde, Glasgow: Department of Thermodynamics 
and Fluid Mechanics University of Strathclyde, Glasgow: Department of 
Thermodynamics and Fluid Mechanics University of Strathclyde, Glasgow: Department 
of Thermodynamics and Fluid Mechanics 
700: Simpson, H C 
700: Rooney, D H 
710: National Engineering Laboratory 
970: Reports NEL-678 
	
 !" #!	$

110: National Engineering Laboratory 
245: Two-phase flow through gate valves and orifice plates / by E. Grattan and 
others 
260: : Department of Industry, 1981 
440: (Nel report ; 678) 
700: Grattan, E 
972: 532.52 
	%&!" #!	$

Author:  Grattan, E.   
Title:  Two-phase flow through gate valves and orifice plates / by E.Grattan, 
D.H.Rooney and H.C.Simpson.   
Publisher:  Glasgow : N.E.L., 1981.   
Description:  34p.   
Control No.:  X20050771X   
Series:  NEL reports ; 678   
Other Contributors:  Rooney, D.H. 
Simpson, H. C. 
	'(" #!	$

!
"  &
# 
 


    &
  

 #=    & 
 #=
"&#
#"
 #
#
( 

 

""
=
##
#
 
# 
 
 "
 ,
 
-   
 & 
# #  
 
##

#
 
 ""* !+ 
# #"
"#
&&"
0
#
#


  
#
#
0
" 
	
!
"# +
=  ##
  #
  
 #
#  
"#  

 "
 
#&
 
 
#

"#

  # 
  &
""
 
#"

=  
 "##&  "
## 


"#=

=&

" "
5

 !
" 	 &
 N5!	O # 
  

  
 	56	5@  # J%9$%) 997 N	5@ 
 997O
0#)# C ( ( !
@ 
##
#
 
 
#





"#

<#&
#
&

"&
 #K

• !
"#
#"
#

##

##
P
• !
"##

#=#"
=
 "
-P
• 0

"##

"##


  '7
#  #= 
 * 1 + 
  #
##  
 
 
  
" #

# #
"
=

#
 #
 
#
##
#

#=
"
#

#	!
"#+
="
##
 


K

• !
 
#


&
#

"##

 #

#P
• 

## "

#




"

#
"##

#P
• @ 
##&
# &
 
#


0
!+!2
#"
#
# 
#&
#


<=
&


 
&
#
D

#
"
"#,

7)'= &
= #
#   # "
  

#
 #
= #
 
 
#"#
&


  #
 "
 #
= 
 
"# #

#  # "
= 
 
"# &
 
#
 #

#  
 
#   #
 
"# 
  &
  @ 
 #
   &


#"#&

"
"##

#

#4#
"#

 &

 
#= # 
   
 

 
 
"# # #
#= 
 
# 
 

 
 
"# 5 
  
 
  ""=  
 
  # 

"# 
<=#
#
 
#"#

 &
 
"
#



#



	!
"#+


Corporate source 1
Series A
Series B
Rpt A1
Rpt A2
Series Z
Rpt An
Collection 1
Collection 2
Collection n
Rpt B1
Rpt B2
Rpt Bn
Rpt Z1
Rpt Z2
Rpt Zn
Production Holdings
C1 has part of SA
C2 has part of SA
C2 has part of SB
C2 has Rpt A1
C2 has Rpt B1

	)"* ++


#
  
  "
-
#  
# 
 "  
"#  &
#
 
#

  &
 #

   "

=    
=   #   "" 


D
@ 
"
# 
)

" 
"#


#


 0
 #
= 
 "#   
#
 
  # 
"# #

# # "
=

&
# 
  
#  
 &

 ""
  
  "


##  
 

#
  'C
0
""

"
&

 

 
 
&"#

"

"#
0#.# %
( 

#
#
"#"# "
-=#



##
&
0



 &
E#"##F=#=###
##"






"#="
# 

 

##&



 #
 
#
#
"#

#
0#.#"# -
0
 # >& #=  
 "#= "
 #

 
#  
 " 
 !
"# 
&# 5
- B !5 0
  
 N!5  99.O ## 
  $=::: 
" #

#=  
#

 
  $=::: 
 #

# "
 & ##  
 < 2
#  !5  "

#
#  
" #

# "
-
#  
 > #
  ( 
 
 "
 #
# 
 
##
#&

#=&##)





#
-
#=

>5
/
5 
#
<N>5= 99CO=#"##&

##
"
 
"# 

  


# = !5    
-

 &##  "" 



 	 !
"# +
  #

  
 & 
 "
 #
# 

"#

"#

#
"



#
#"



"#"
<#
#
 
5 1 
>

N51 >2 999O&#
="
&
2"
##
1 
>

2-" N21 >2O0
#>& #""
#<

# N
 ::=:::O

&#
=

#
##
&#&
= 







( 
&!551 >2"
 
###&# &# 


#

#
"
=
"

# 
#
##
#=

##



#
 
 


"#

# 




=!+!2 
" #

#
 
"#  
 #

##
-
#
 #  
 #

#= # "  #

#  "  #

 &&" 
#  


"#0###
 
#

##
"
&
#1 "

#"
 !
#
  /

" 
 N1 !/O= 
 #   
# !
#
 ##
N!O=
2"
"

N2O=
2"
"
!
#
@ #N2!@ O=

	 2

 >& N	2>O= 
 	 # >& N	>O  
 0#"
!!
#
>&N0!!>O

5
#= ## 
   ##= 
-
# &#
#  
 
"#=    
#
#

"#
 #

#=&

5



&)#
#0
#

=

- "
=	5!2IN$:: O=20
2 
N$::$O=+
+
>&

!
#
+#N$::$O<2,#N$::$O

# 


# 
 #

# 
 
= 
 
  #  " #
#   # "
"

0

 
   #  ##=   
 
  

 & 
 
"#
"
    
 "#=  
   & 
"#  
 
#  # 



#


##

&=
 "
#
&

)
# 


0




# 

#
#&
=" &


"#  ## "
=  # 
 
#&   ##
   
"#
 
 
&## 


"

0#.## 
( %:
0&

"
##
#&#
#"

"#"
<

#


"#=


	!
"#+
=

 * 1 + 
  "
  
##   
"# "
# "
  D
#
 N#


""
-/O=
"


&)&#

  '9
0
"D
#
##
=
-"


N#

""
-2O=

#-
8#0
#




#
"
#




 
"# & ##)


 >F# !5 N!5=  99.O=  
#  
  #&

##=
>5/
5 
#
<
 N>5= 99CO=
 
# ## 8#  
 51 >2 &#
 0
 
 
# N 
 #
&
  "K66 6"
# O # 
 " 
    &
  2
 ##=


##=
#

#


### #

5
 - #


#&
#=#+
<
#&


 
#  
 
 """
  
#  #
 ## &

 

D
#
#

#
 5
#

#=#

"&
 #




=

#



#)
"
 

#
"&
 #

K

• @ #"

"#=&


• ( 

" 
##"

#
##


=

"##

D
#
#"&
 =
!#!
>+
• ( 

 
" 
#6#&
 
#

 
= 
 
 
 
-#
=  &




 


• 

&
"
 &
#
## 
##N
# &



-#

 
#=&



 

O
•   &
  #
 "
# 
6

 &#
 2 0
= # &

 
"


#= #


•  
 

# #"  
  
 #
  

 #  &


 #
#=

"&
 #
 


 #"""
#


• * ##



"
## D
#
##
&
 #
 0
   
 #"
 "## 
  
 "=  
 
 
##
 
"#* #

"#


• >
##

#


#&
#
#

 

#
 


0#
#
#

 &
"
#= #

'::=
$3 D
#
##


,) " D
#
# 

 

=  7R  
  &
 ##
=  

 

 #

 


	
  
 
 
#"
# #
  
## "


"#N0&
7).O1 
##"




 !551 >2=
=
#
 
&


-"

&
 ::R0#
### 

 

#
#
&


< %: $3 
 
< % ''
% %9
 
  %
% %
"	2,

!
#"#
#

 


 
 
## 
"
#

 =
 
=
#
###


##=

#

##
#N&
7)3O

%(   . %3R
 /(  9 $ R
$%  $ $9R
  3  'R
"	  ""4

  .:
  
 ## "
 
##  
 
"# "
 
P   "
 &







"#"

@ 

##"
&








"#=

"
-
##

N&
7)7O

 $  .:R
"  ' %%R
") '  :R
) $ .R
"	  "

93R  
 ##  
 
 
"# &
 
-
=  9%R #"" 
"# 

D
# 
 &


N&
#7)C7)9O0# ##

"
"
 


"#&
#


##
  
##

"#

# 
=

##

I ': 93R
4    $R
"	$6 ">E

I %C 9%R
4    $R
"	/6E

0
#
#"
"#

D
#



 
&##

  
"#"
#=
""


#

	 !
"# +
 0
  
  
 
#   
 "
  
"#
"
#D
#
=

"#"
#
#=#
&

#
 &
""
E+"

#F &


 #
#

+
N#

+"
9O
0#0# 
0#0#"# $%
* ""
"#


##
 #
0
# 



#

#K+
<
#&
# 
 $:=:::
"#

 =':: #

# N#

 ""
- ,O   
 %:: 

 "
 #
# N#

 ""
- 1 O 0

5#+2

##
-
## .=:::
"#.::
"#

##

 "
-
"#

##"
=
 ##=
&
 
#

 ""
-
#


#&

#

#
#

=

 # "#
# #"
"
0


 #
##=  
 
  

 & 
 
"# 
# 5 
   
 "

#
 

  
#=  # 
-
 
 #
  

 
#
 #  

 ""
-
#


##
"=
=#
##


"##

#

=
 &



#"
#@ 
 #
  # &

 D
=  # 
 "##&
  
)#  
#  
&" 


"



"#

#
=
 


"#
 #

#
0#0## 
( %:
0 &
 
 "
##  & "  #

#  
 

 
#"#=  #  

	 !
"# +
= 
 * 1 + 
  "
  
##   "
  
"#
#D
#
N#

""
- O=
"


&)&#


  . 
0
"D
#
##


#-#

8#=

-"


N#

""
-5O= "#
 &
#=


##
#
 "
#
#
#
#0


#N
 #&

"K66 6# O # 
 " 
    &
  2   ##=



##=
#

#


### #

0)#

" D
#
#

 

= $$R  
 &
 ##
=  
 

 #




N&
7) :O.3R
#"
##

##
# 



"##

< %:  37
 
< % %7
%  7
 
  C
% C
"	
05 )

-

#"#
#




 
 P
 


##
#
#P#  &
 
 
 
#N&
7)  O

%(   . 3:R
 /(    'R
$% $ CR
  7 $CR
"	

,"4

	


#"
##


"##


-

N&
7)
 $O	
#

#"
#

"#P#


#  &

"#N&
7) %O=
###

#"
#


&


"###
"



#N&
7) 'O

I $$ CCR
4  %  $R
"	
%6)>E

$%/%  % .9R
- '  CR
$/ . $%R
"	
6>E

I  % .9R
4  '  CR
$/ . $%R
"	
'E

0
#

##


#
#!+
"#= 
"##

#




##
#="
 = 
 
=


##0
&

"##
"
 
## #
"##&
#
 

"
"#
#




0
#
#"
"#

D
#



 
&##

  
"#
#=
""


#

	!
"#+
0



# 
"
 
"##
D
#
 # &

 #
  &
 "" 
 E+
#F &
  
 
 #

#
	!
"#+
N#

+"
9O
  .$
0#1# -( ( 
@ 
##
 # 


 
 
"##"D
###
=&&


&
#

5 

=
 &
#
 
"# #

##"
#
 #



  #

# 

 ( 

 

 # 
  

 = 
"  &
# 
 



##

&
#
#&
#

&
"###
"




>&
##
 




"#=


##

 
 
# # "&
   
##    
 #
#  #
 5
= &
#
#
#
#

#
"

#
&

#
#

0
"
 D
#
#
"
#

##
"
#
##"
  
 
"# 	
 #- # 
#

  

#  " 

   ""  
 	 !
"# +
 0#
 #=  

## 
 
"
#
=   
 
   < 


 
 
"# #


  

5#
 #   
"##&
""

	!
"#
+
    
=    

#
 )

 "
  ## 
 


"#=


#
"=#""

"#

 #

#

+&= "
  
 "" 
 

  
  #  " 
#  

 ##&
	 !
"# +
= 
#
 
 #&= 
 "

 
 
=




"#
<

  .%
1# 2/( %
1#"# $%
@ 

&

##&

 
- 


#&

"
##
 

&
&
#
# 
 
 # " 
#

=
"#
 
#

( 

#"##&

 
#


#"


##    &
  
"#  
 
# !
#  #
 
-  

#&

-"
#
"
##=###


#
#&




## 
#"=#
&


5 
 "  #  #
  
 ## #= 
 * 1 + 
  # 


##&D
D
#0

##
#

##=

  
#&#
#=
"
#



 
#"

1##  (  /   !! !   
!%#
1##"# $%
 "##&
 #

 
   
  &
 #
 #   "
# #
 <#
  &

 
#
 & 
  &
   
#  
" # &
   &
#  
D
#
 

&&
#

 
#
#@ 
"##&
 
#
#
&#
#
##0#
##
"
# "
 


"#

 

#&

#




 
&
#
#

0# 
##  #

  ##  "#&
  
  
 #

  
"# 5#



 

#
  
#&#  
 
 
"# 

 
  
 

= 
 


#

##

# 

"
"###




#
1### %
<# 
 

 + 5
-=  
 $ %  
 5  ) 8  ; )
#5'	G ).
///1##
##0





#





#

"#

"




2-
#"
#

#
#"
 


"#

 
""
#



##



#"
#


1##*#  
    "&
    ## # 
 D  
 



# !



#  &

 "

= 
 6 ##
  
 
#  # #   #
  



"#

#
5##L


##L#
#
 &  #&
 #"
# 5 # 

  


   

 ""
# #  &


= 

  
 
 "&#
 #
"
 
  # "   "

# 

=


#

#




L

"L""
-##




#
#

"

#""##

L


#L#


"



#0##

#

&#

#



#  

#

&-
#
&
#

#



"



#=#
&

D 

#&#



"&


<## 
=


"##
&

""
#

0
 #
 ""#  "
    #
  
L# # 
 # 

=
=""
#"
#
# 

"
- "

##



#K
  .'

 0	50  /$.'3	   93'
 0	50  /$.'3	0	  93'
 0	50  0	$.'3	   93'

0##

#
L


#L#
"

#5#



#


-
# 
5#
- "


""
#

	0	$.'3=&







1##,# 
0



33
# 
$ %=
 $''



# @ 
#
=3$



#




"#0##.R
@ 
#
3$='




& 


""
 
$ %=
.CD




#

<#





#
=$ D




#
.C


 


N%3RO $



=$




 
#=%


3 
#=

 



  = C=C'7.$ 
#%7

#
#N3'ROP C

 
 99:#= %
 
 9C:#=C 
 97:#= : 
 93:#=. 
 9.:#=  
 9':#
1##)# 2
@ 
 D
# #K 
 
 " 
##  "" 
"#=  # 
"#  
 


  &  
 

=  
 
 "
 " 
##  
"#  
#


&

? 5
 
=
 
#

##=## 
"


"##=#


#  &


"#5

=
#
-#

##

 

=  #  
  
#  
-
#
   
  

 
 

 

 &




#&


&

5#
- "
=
"#
 :#


#
=
.C&


#)#7R

"



#:%R

 &




#



 #)#

"#

#
#0#
#
 
"#


#
 # 
# # "
#&
 &

 



"
#
##

#


#&#
 
1#*# !%	!%
1#*#"# 2/8C 
0
# "D
###
###

 # 
)# "

##
 
#=  ##
#  

# 

 5  &
 ## 
   ##
# 


##
 
 
"
#
=&
##
##
%:


#
# 
"
#=#
"#


"'##
#


"
"
#
 "

"&
 
#
?

,
 #

##
#

#


=
# #
##
6


 :
 
#
 999)$:::=

##






#
 
N0


#####
""
-; O

@ 
C$
"#

###
6


#
# 
"
=N
 :O

&

&
& 
  

#
#0

 
"#&

&
& 

#
#=



"#&

&
&"
"
=33
"#&

&
&

"
#&



&



3C 
#@ 
#


 
#
# 


 
#""
#
##
#

!
"# 
 

 
 #"
  #    &
 ## 
    "#
 #
#
#&

#
#


#( 


"#



#

=

 &


#




"####

  ..





@ 



####
"#&

##




 
=





=





 



0
 

 
# "
#

"#


#
##


 "#N#

+"
.O
1#*## 4 ( !
0
# "
# 
#


 &


#
#
"##
##




0
 

 #
# "
 &
 
" #   
" ##
  


 # 
 



&
# 
"
#=

## "
##
###

#
#
"0



 &
#
#L#
L##
6



" 999)$:::# $#
#N0&
C)
 O

1999/2000 issues/renewals Ave. users per borrowed rpt 
Rpts issued/renewed 20 times or over 1.3 
Rpts issued/renewed 15-19 times 1.1 
Rpts issued/renewed 10-14 times 1.3 
All rpts issued/renewed 10 times or over 1.2 
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1999/2000 issues Ave. users per issued rpt 
Rpts issued 6 times 4 
Rpts issued 5 times 3.3 
Rpts issued 4 times 2.8 
Rpts issued 3 times 2.5 
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Report usage (Issues 1999-2000)
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Reports usage (issues/renewals 1999-2000)
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Reports usage (Issues 2000-2001)
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Reports usage (issues/renewals 2000-2001)
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Reports usage (Issues/renewals - 2000-2001)
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Reports usage (Issues - 2000-2001)
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Data from test server 13-Jun-01 
 
  
Stock 
currently 
charged % 
Books 65995 5363 8.1% 
Journals 122282 442 0.4% 
Reports 119757 594 0.5% 
Theses 15945 733 4.6% 
Working papers 4059 31 0.8% 
  328038 7163 2.2% 
    
Data from live server 18-Oct-01 
 
  
Stock 
currently 
charged % 
Books 80857 5663 7.0% 
Journals 126351 637 0.5% 
Reports  121261 467 0.4% 
Theses 16701 517 3.1% 
Working papers 2110 23 1.1% 
Other 2488 45 1.8% 
  349768 7352 2.1% 
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Field Type  Key 
CSID  int(11)  PRI 
CSOrgName  varchar(100)    
CSDept  varchar(100)    
CSAcronym  varchar(20)    
CSPreviousName  varchar(100)    
CSSuccessorName  varchar(100)    
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<?xml version="1.0" encoding="UTF-8"?> 
<GetRecord  
xmlns="http://www.openarchives.org/OAI/1.1/OAI_GetRecord"  
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"   
xsi:schemaLocation="http://www.openarchives.org/OAI/1.1/OAI_GetRecord 
http://www.openarchives.org/OAI/1.1/OAI_GetRecord.xsd"> 
<responseDate>2002-08-21T15:10:23+00:00</responseDate> 
 
<requestURL>http%3A%2F%2Fnaca.larc.nasa.gov%2Foai%2Findex.cgi%3Fverb%3DGetRecord%26
metadataPrefix%3Doai_dc%26identifier%3Doai%3ANACA%3A1917%3Anaca-report-
1</requestURL> 
 
<record> 
<header> 
<identifier>oai:NACA:1917:naca-report-1</identifier> 
<datestamp>2001-07-27</datestamp> 
</header> 
<metadata> 
<dc xmlns="http://purl.org/dc/elements/1.1/"  
                xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"  
                xsi:schemaLocation="http://purl.org/dc/elements/1.1/  
                http://www.openarchives.org/OAI/1.1/dc.xsd">  
<title> Report on behavior of aeroplanes in gusts </title> 
<type> NACA Report 1 </type> 
<creator> Hunsaker, J C Wilson, Edward Bidwell </creator> 
<contributor> Massachusetts Inst. of Tech. (Cambridge.) </contributor> 
<date> 1917 </date> 
<identifier> http://naca.larc.nasa.gov/reports/1917/naca-report-1/</identifier> 
<description> Part 1 presents the results of a wind tunnel test of a biplane model 
with an 18 inch span. The lift, drift, and pitching moment were measured 
for a series of angles of incidence corresponding to the maximum possible 
changes of flight attitude. Only the discussion of symmetrical or 
longitudinal changes is given. From the observed rate of variation of the 
forces and pitching moment, it was possible to calculate the derivatives 
needed in the complete theory of longitudinal stability in still air. The 
damping of the pitching oscillation was also determined experimentally. 
Part 2 presents a theoretical method for determining the effects of gusts 
on aeroplanes in the following cases: (1) head-on gusts rising from 0 to j 
feet per second with various degrees of sharpness, (2) up gusts of the same 
type, (3) rotary gusts of the same type, (4) rear gusts and down gusts are 
included by merely changing the sign of j.  
</description> 
</dc> 
</metadata> 
</record> 
</GetRecord> 
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METReS
Local metadata store:
“ National Reports Catalogue”
• Corporate sources
• Series descriptions
• Report descriptions
• Collection descriptions
• [Full text indexes]
Full text
electronic
document
archives
http[Authentication]
Metadata
providers
Metadata
recipients
MARC/ Z39.50
XML/DC etc.
[Harvest full
text indexes]
Metadata exchange between MAGiC and other organisations
ILL or document
supply systems
Engineering portal
JISC-IE
End user searches or browses technical reports metadata [& full
text indexes]. A list of reports, physical or electronic, matching
requirements is returned, along with their locations. Subject to
authentication and payment, the user can receive electronic reports
at the desktop. Print reports can be ordered, for loan, photocopy,
fax or email using digitization on demand.
British Library
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We would be very grateful if you would help us with our research by completing the enclosed 
questionnaire, which should take approximately 10 minutes.  The questionnaire is aimed specifically at 
any staff involved in the production, management and dissemination of reports generated by their 
organisations, and forms part of a research project called MAGiC (Managing Access to Grey Literature 
Collections), which aims to map the locations of key collections of engineering reports in the UK.   
 
Technical reports provide valuable information for engineers, but are often difficult to identify, locate 
and access because they are often not catalogued separately, and cannot be searched remotely.  
Ultimately, the research project aims to lay the foundations for the creation of a National Reports 
Catalogue, which will make report literature far more accessible to engineers. 
 
This project is being funded by the British Library Cooperation and Partnership Programme and the 
Research Libraries Support Programme, and Cranfield University is one of a number of partners 
undertaking the research. 
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Yours sincerely, 
Paul A S Needham 
 
 
 
 
Explanatory notes: 
 
In the context of the MAGiC project: 
 
• Corporate source means the organisation(s) identified in a report as being responsible for its 
contents. 
• Report series refers to a distinct group of reports sharing a common prefix. This usually identifies 
the issuing organisation and department, or indicates some other common theme between the 
reports; e.g. NASA produce reports series such as 
• NASA/TP – NASA Technical Papers 
• NASA/CR  - NASA Contractors Reports 
• A technical report is “a document which gives the results or the progress of a research and/or 
development investigation. Where appropriate it draws conclusions and makes recommendations, 
and it is initially submitted to the person or body for whom the work was carried out. Commonly a 
report bears a number which identifies both the report and the issuing organisation”. 
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We would be very grateful if you would help us with our research by completing the enclosed 
questionnaire, which should take approximately 10 minutes.  The questionnaire is aimed specifically at 
any staff involved in the acquisition and management of report collections, and forms part of a 
research project called MAGiC (Managing Access to Grey Literature Collections), which aims to map 
the locations of key collections of engineering reports in the UK.   
 
Technical reports provide valuable information for engineers, but are often difficult to identify, locate 
and access because they are often not catalogued separately, and cannot be searched remotely.  
Ultimately, the research project aims to lay the foundations for the creation of a National Reports 
Catalogue, which will make report literature far more accessible to engineers. 
 
This project is being funded by the British Library Cooperation and Partnership Programme and the 
Research Libraries Support Programme, and Cranfield University is one of a number of partners 
undertaking the research. 
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Yours faithfully, 
Paul A S Needham 
 
 
 
 
Explanatory notes: 
 
In the context of the MAGiC project: 
 
• Corporate source means the organisation(s) identified in a report as being responsible for its 
contents. 
• Report series refers to a distinct group of reports sharing a common prefix. This usually identifies 
the issuing organisation and department, or indicates some other common theme between the 
reports; e.g. NASA produce reports series such as 
• NASA/TP – NASA Technical Papers 
• NASA/CR  - NASA Contractors Reports 
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Date No. of rpts Issues/renewals  Date No. of rpts Issues/renewals 
1999 2 31  1996 6 140 
1998 2 29  1995 8 99 
1997 4 68  1991 7 87 
1996 6 140  1965 3 72 
1995 8 99  1997 4 68 
1994 5 59  1993 5 68 
1993 5 68  1994 5 59 
1992 2 21  1974 2 49 
1991 7 87  1990 3 48 
1990 3 48  1978 3 44 
1989 3 43  1989 3 43 
1988 1 10  1980 2 35 
1987 2 24  1982 3 34 
1985 2 33  1985 2 33 
1982 3 34  1999 2 31 
1981 1 15  1972 2 30 
1980 2 35  1998 2 29 
1979 1 23  1976 2 26 
1978 3 44  1987 2 24 
1977 1 15  1979 1 23 
1976 2 26  1964 1 23 
1975 1 12  1992 2 21 
1974 2 49  1981 1 15 
1972 2 30  1977 1 15 
1971 1 11  1968 1 13 
1970 1 10  1953 1 13 
1968 1 13  1975 1 12 
1965 3 72  1937 1 12 
1964 1 23  1971 1 11 
1960 1 11  1960 1 11 
1959 1 10  1954 1 11 
1954 1 11  1988 1 10 
1953 1 13  1970 1 10 
1937 1 12  1959 1 10 
All 82 1229  All 82 1229 
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Date 
No. of 
rpts Issues/renewals  Date 
No. of 
rpts Issues/renewals 
 
2000 3 32  1998 9 191  
1999 3 37  1997 8 123  
1998 9 191  1977 6 108  
1997 8 123  1994 9 103  
1996 7 92  1982 3 94  
1995 6 89  1996 7 92  
1994 9 103  
Not 
known 6 91  
1993 2 32  1976 5 90  
1992 3 66  1995 6 89  
1991 1 10  1987 6 80  
1990 1 13  1972 5 78  
1989 3 62  1988 4 72  
1988 4 72  1980 5 71  
1987 6 80  1992 3 66  
1986 1 19  1984 5 65  
1984 5 65  1965 3 62  
1983 2 30  1989 3 62  
1982 3 94  1970 5 61  
1981 3 40  1974 3 56  
1980 5 71  1979 3 55  
1979 3 55  1968 3 54  
1978 2 31  1952 3 50  
1977 6 108  1962 2 49  
1976 5 90  1971 2 43  
1975 3 43  1975 3 43  
1974 3 56  1947 3 42  
1973 2 28  1981 3 40  
1972 5 78  1951 3 39  
1971 2 43  1999 3 37  
1970 5 61  1957 2 34  
1969 2 26  1958 2 33  
1968 3 54  1959 3 33  
1967 1 11  1993 2 32  
1966 1 22  2000 3 32  
1965 3 62  1978 2 31  
1964 2 28  1983 2 30  
1962 2 49  1964 2 28  
1960 1 20  1973 2 28  
1959 3 33  1969 2 26  
1958 2 33  1948 2 25  
1957 2 34  1955 2 24  
1956 1 22  1945 2 23  
1955 2 24  1942 1 22  
1953 1 11  1956 1 22  
1952 3 50  1966 1 22  
1951 3 39  1936 1 20  
1948 2 25  1960 1 20  
1947 3 42  1934 1 19  
1946 1 14  1986 1 19  
   7.
1945 2 23  1928 1 15  
1944 1 14  1944 1 14  
1942 1 22  1946 1 14  
1937 1 11  1990 1 13  
1936 1 20  1937 1 11  
1934 1 19  1953 1 11  
1928 1 15  1967 1 11  
Not 
known 6 91  1991 1 10  
        
All 172 2728  All 172 2728  
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Year No. of rpts issues  Year No. of rpts issues 
1999 6 18  1996 6 20 
1998 2 7  1999 6 18 
1997 2 8  1982 4 15 
1996 6 20  1994 4 13 
1995 3 9  1992 3 12 
1994 4 13  1971 3 10 
1993 2 6  1995 3 9 
1992 3 12  1944 3 9 
1990 2 6  1997 2 8 
1986 1 3  1998 2 7 
1985 2 6  1993 2 6 
1983 1 3  1990 2 6 
1982 4 15  1985 2 6 
1979 1 3  1978 2 6 
1978 2 6  1975 2 6 
1977 1 3  1973 2 6 
1976 1 3  1972 2 6 
1975 2 6  1965 1 4 
1974 1 3  1986 1 3 
1973 2 6  1983 1 3 
1972 2 6  1979 1 3 
1971 3 10  1977 1 3 
1965 1 4  1976 1 3 
1964 1 3  1974 1 3 
1963 1 3  1964 1 3 
1951 1 3  1963 1 3 
1945 1 3  1951 1 3 
1944 3 9  1945 1 3 
1943 1 3  1943 1 3 
All 62 200  All 62 200 
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Year 
No. of 
rpts issues 
 
Year 
No. of 
rpts issues 
2000 6 21  1995 7 25 
1999 2 7  2000 6 21 
1998 2 6  1992 5 16 
   73
1997 3 9  1990 3 13 
1996 3 9  1972 3 11 
1995 7 25  1997 3 9 
1994 1 3  1996 3 9 
1993 1 3  1991 3 9 
1992 5 16  1974 2 8 
1991 3 9  1999 2 7 
1990 3 13  1975 2 7 
1988 1 3  1998 2 6 
1986 1 3  1971 2 6 
1983 1 4  1983 1 4 
1982 1 3  1965 1 4 
1975 2 7  1944 1 4 
1974 2 8  1994 1 3 
1972 3 11  1993 1 3 
1971 2 6  1988 1 3 
1966 1 3  1986 1 3 
1965 1 4  1982 1 3 
1962 1 3  1966 1 3 
1944 1 4  1962 1 3 
1942 1 3  1942 1 3 
All 54 183 
 
All 54 183 
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